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EDITORIAL COMMENTS

The papers in this issue of Research in Science Education are the more tangible outcomes of
yet another successful ASERA conference, held for the first time at the Northern Rivers
campus of the University of New England in Lismore. (Also for the last time, since the
campus is in the process of disamalgamating with UNE at Armidale; it will soon be a
sepadate university, with its own name.) This is an appropriate place to record our thanks to
Keith Skamp and his commiittee for their superb efforts in organising the conference program
so effectively.

About 80 papers were presented at the conference; 58 were submitted for publication, and
most of these (about 80%) have been published here. As in the past few years, all papers
have been indspendently evaluated by two reviewers, and | would like to express my
appreciation to the large number of colleagues {listed on pages viii and ix) for their thoughtful
assessments and prompt reviews. Eagle-eyed readers may detect an improvement in printing
quality this year. RISE continues to keep in step with the technological revolution: for the first
time, the masters have been prepared with a laser printer.

The Lismore conference took an important decision and implemented an idea first raised in
Perth in 1990: to develop RISE into a regular journal, with several issues per year. Cam
McRobbie of the Queensland University of Technology readily offered to attempt to produce
two non-conference issues of RISE in 1994. All of us in ASERA wish him well in this
endeavour. The success of this innovation will depend on two factors: the willingness of
ASERA members and other science education researchers to use RISE as an outlet for our
publications, and the willingness of all subscribers to pay the increased costs of an expanded
journal.

In the opening article in the 1993 issue of Studies in Science Education, titled “"Getting serious
about priorities in science education®, Myron Atkin and Jenifer Heims refer to the clamour of
clashing claims (my alliterative phrase, not theirs) upon the science curriculum:

New or revised goals are announced regularly and often. Teach science to
improve economic competitiveness. Teach it to help people make wise
choices as consumers. Teach it to improve personal health. Teach it to
protect the environment. Teach it to help prepare the scientists and
engineers the country needs. And above all, whatever the purpose of
teaching science in the schools, it should be for all the students.

Each goal seems worthy and is usually embraced by both science
education professionals and the public. Then new goals come along.
Teach science to foster problem-solving ability? Yes. Teach it to prepare
people for jobs? Yes. Teach it to cuktivate critical thinking? Yes. These
too, are added to the list.

To these American voices, we can easily add some Australian ones. Teach science in the
kindergarten and primary school, to encourage early interest. Teach science according to

nationally-agreed guidelines, to encourage national cohesion. Teach science in ways that are
gender-inclusive. Teach more science to teachers, so that they can teach it better to students.

(vi)
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It is of course possible to view this collection of demands in a positive light. Science
education is complex, and it plays an impoitant role in modern society. It is therefore hardly
surprising if we find a rich variety of claims for attention on the nation's science curricula.
The papers included in this issue of Research in Science Education hold up a mirror which

reflecte that rich variety. Students’ misconceptions in biology. Gender bias in chemistry.
Computer usage in science teachinc  Science-technology relationships. Science in the
kindergarten. Food and nutritior. Sc nce investigation skills. Practical work in biology. {n-
service courses for teachers. Chenical poliutants. Historical approaches in physics.
Reasoning skills. Arguing by analogy Teaching about controversial issuss. These and other
themes are all rapresented in this voltume.

However, Atkin and Heims also sound a warning. There are so many different demands
upon the curriculum that the public — and science educators, too — are ‘engulfed by
undifferentiated statements of purpose that in their totality are both confusing and unrealistic”.
One important consequence is that many goals turn out to be impossible or ignored. This
may *diminish the credibility of the profession because the public does not know what really
to expect, and teachers don't know what to teach”. They argue that the science education
profession must learn how to identify priorities and to make choices; their essay is an
attempt to frame guidelines towards that end. Their long and thoughtful paper contains
much that will challenge science education researchers in Australia and New Zealand.
Studies of the conflicting pressures on science education curricula in this part of the world,
and of the development of approaches to their resolution, might form the basis for future
papers in this journal.

Paul Gardner Monash University
Editor November, 1993
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WHAT MAKES LESSONS DIFFERENT? A COMPARISON
OF A STUDENT'S BEHAVIOUR IN TWO SCIENCE LESSONS

Ken Appleton
University of Central Queensland

ABSTRACT

A fascinating aspect of teaching is that no two days are ever the same,
Such variety makes teaching an exciting and interesting profession, but can
also generate problems. Apparently small changes in the way two lessons,
supposedly similar, are conducted can result in very different lessons. How
this occurred for one Year Seven student during two science lessons using
discrepant events i1s explored in this paper. Her responses to each of the
lessons were similar in some respects, but quite different in others,
Differences between the lessons are examined, and possible reasons for the
differences in the student’s responses are explored.

INTRODUCTION

Concern has been expressed about the restricting effects of classroom discourse in many
lessons which prevents students from asking questions, and formulating their own hypotheses
(Barnes, 1976; Biddulph, 1982). It was this concern, amongst others, that motivated Biddulph
and Osborne (1984) to suggest an alternative teaching approach for science, the Interactive
Approach, which included an inherently different form of teacher-student interaction that would
allow students to raise questions and formulate hypotheses. Other teaching approaches, such
as suggested by Baird and Mitchell (1986), have been proposed for science lessons, which
also attempt to encourage students to engage in question-raising and hypothesis formulation.
However, is changing the teaching approach and hence the interaction pattern sufficient for
students to engage in these behaviours? Fleer and Beasley (1991) wouid suggest not, but
contend that the actual interaction that the teacher engages in with the student is crucial for
higher cognitive learning to occur. Another consideration is the student’s responses to the
teaching approach, interaction pattern, and actual interaction available. To what extent are
students' responses to lessons context dependent? This study examines a student’s
responses in two science lessons that were designed to encourage students to ask their own
questions, then propose and test their own hypotheses (Suchman, 1966), and identifies some
of the factors whi~h appeared to influence the student's behaviours in the lessons.

THE STUDY

As part of a study of students’ responses to teaching approaches in science, two science
lessons were observed. The lessons were conducted in a large primary school in a provincial
city in Queensland, in a Year Seven class. The same teacher taught both lessons to a small
class of about fifteen mixed ability students. Where possible the same students were used.
Each lesson was the first lesson of a topic, and essentially followed the procedure suggested
by Suchman (1966) for presentation of discrepant events. The lessons were held about three
weeks apart.

The teaching approach involved a demonstration designed to present a discrepait event, or
puzzling situation which was counter-intuitive. The demonstration was conducted with little
explanation or comment. The students were then invited to ask questions about the
demonstration and materials. The teacher answered questions with either a "yes" or "no", or
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repeated the demonstration to provide an answer. Questions which sought the confirmation
or rejection of an idea (theory) were not answered, though students could test theories by
phrasing questions as thought experiments involving the materials. For example, the question
*‘Does it matter if the lengths of the two pendula are diiferent?” would not be answered,
whereas the question "If the second pendulum were half as long, would it be moving in the
same way as the first one after three minutes?* would be answered by a "No*, Students were
free to discuss ideas amongst themselves whenever they wished. Each of the lessons was
intended to serve as an introduction to the topic, and would be followed by subsequent
lessons. Suchman (196€) insisted that at no time should the teacher confirm or deny a
theory, but that the students should decide when an adequate explanation for the
demonstration had heen arrived at.

Two key differences in teaching approach occurred between the lessons during their imple-
mentation. The first was the nature of the discrepant event chosen for the demonstration.
The second was whether the students expected the (scientifically) correct answer to be reveal-
ed. The first discrepant event was adapted from The Diving Bottle (Suchman, 1966). A small
glass bottle was upturned in a tall glass cylinder of water, and adjusted so that it only just
floated (see Fig. 1). A sheet of rubber was fastened over the top of the cylinder, and pushed
gently. The bottle sank to the bottom of the cylinder, and remained there even when the
rubber sheet was removed. When the rubber sheet was pulled upwards gently, the bottle rose
to the surface. During the lesson, the procedure was repeated with an eye dropper partiaily
filled with water. However, the eye dropper did not sink. At the beginning of the iesson, it
was made quite clear that the students would not be told the answer, and would not have
theories confirmed.

x Press
—
i
{ ! N N
N N
0 0
Fig, t_The Diver Fig. 2 The Double Pendulum

The second discrepant event was adapted from The Double Pendulum (Suchman, 1966). A
thin wooden rod was rested across two metal rods supported by stands about seventy
centimetres above the desktop (see Fig. 2). Two identical pendula were attached to eyelets
fastened to the wooden rod, about twenty centimetres apart. The pendula were made from
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thick wire about 45 cm long, with hooks bent at the top and bottom. One end on each was
hooked through an eyelet, and on each lower hook were placed five metal washers. The
teacher started one pendulum swinging. Within a very short time, the second pendulum
began swinging. After a few minutes, it was moving with an equivalent amplitude to the first,
and shortly afterwards was moving with a greater amplitude, while the amplitude of the first
was considerably diminished. Later, during the lesson, pendula of unequal lengths were also
tried. When the lesson commenced, the teacher informed the students that, although ideas
would be neither confirmed nor denied during the lesson, the correct answer would be given
at the end. This latter difference was not planned for, but was a consequence of the teacher's
adaptation of the teaching approach in line with her preference for lesson closure.

The students were seated in groups of four, all facing the teacher. Both the teacher and one
group of students were observed during the lessons.

DATA COLLECTION AND ANALYSIS

The two lessons were videotaped, and the students in the group observed were interviewed
after each lesson, using the videotape to stimulate their recail of what was going through their
minds during the lesson. Such stimulated recall techniques have successfully been used in
other studies (Edwards & Marland, 1981, 1984, Peterson & Swing, 1982; Peterson, Swing,
Braverman & Buss, 1982). For the purposes of this report, the data for one student, Melinda,
are presented. The interviews were transcribed and the student’s statements were categorised
using a descriptive system of student responses deveioped inductively from the data in the
larger study. The videotapes were aiso viewed and observed student behaviours were
categorised and added to the description of the student's responses obtained from the
interviews. The combined data were used to compile a description of the student's responses
during each lesson. Responses examined were cognitive responses, including the level of
cognitive conflict arising from the discrepant event, affective responses, and strategies used to
cope with the demands of the lesson and social context. As well, the frequency of selected
student responses was obtained from the videotaped lessons. Differences in Melinda's
responses between the lessons were identified, and the interview transcript and videotaped
lesson were used to identify possible reasons for the differences.

MELINDA'S RESPONSES DURING THE LESSONS
Table 1 allows comparison of Melinda's responses during both lessons. It shows only those

responses observed during the lesson, and does not indicate sequence or frequency. It can
be seen that there are many similarities, but some differences. Key differences identified are:

* A low fevel of cognitive confiict was present in the second lesson compared to the
first.
* Coping strategies such as waiting for information to be provided by the teacher

and engaging in play and humour to maintain a social image, were present in the
second lesson but not the first.

. There were six cognitive responses which were present in the first lesson, but not
the second.
* Three affects related to the demonstration/materials were pregent in the first

lesson, but not the second; and three related to the social context were prasent in
the second, but not the first,

A noticeable difference in Melinda's responses between the lessons was her use of humour.
In the 36 minutes of the first lesson, Melinda made eight jokes. The second lesson was
appreciably shorter, but in its eighteen minutes Melinda made 39 jokes, in contrast to the four

v
}
Al



vl

A

S

4

jokes per eighteen minutes in the first lesson. Given this difference in level of humour and
other differences in cognitive responses and coping strategies noted above, Melinda's overall
cognitive response to the first lesson was at a higher cognitive leve! than was her response to
the second lesson. As well, her affective respcnses in the first lesson were, from a teacher's
point of view, more appropriate than those in the second lesson. Further, the coping
strategies she used in the first lesson tended to be more cognitively oriented to finding a
solution to the demonstrated discrepant event than were those in the second lesson.

POSSIBLE INFLUENCES ON MELINDA'S RESPONSES

Melinda's responses to the two Iessons therefore stood in sharp contrast to one another.
Possible causes for such different responses were examined. Two key observed differences
between the lessons, the discrepant event used to initiate the lessons and whether the teacher
would provide an answer, may have had a causal effect on Melinda's behaviour.

Other possible behavioural influences can be conjectured, such as Melinda's mood on each
of the days of the lessons, differences in behaviour by her peers, and differences in the
teacher's mood. Further data were sought from the videotaped lessons and interviews to
iluminate these aspects. The possible influences on her behaviour are examined below.

Possible differences in Melinda's mood between lessons.

While this cannot be eliminated as an influence on Melinda’s behaviour, there was nothing in
the interviews or on the videotapes to suggest that Melinda was upset, tired, or ill. Both
lessons occurred at about 9.30 am (three weeks apart), so time of day was not a factor.

TABLE 1
COMPARISON OF MELINDA'S RESPONSES DURING THE LESSONS

Melinda's Diver Lesson Double Pendulum
Responses Lesson
Cognltive High level, changing to tow ievel during the Low level throughout the lesson.
Contlict lesson.
Coping Poslulating about vartabtes and/or expta: Postulaling about variables and/or
Strategles natory theories. explanatory theories.
- related to a Seeking confirmation that an idea is cor- Seeking confirmation that an idea Is cor-
cognltive res- rect. rect.
ponse. Sharing an ldea during discussion in a Sharing an idea during discussion in a
small group or whole class. smail group or whole class.
Using or taking up another’s idea Using or taking up another's idea.
- relief of stress Making humorous comments about the Making humorous comments about the
arising from a work. work.
demanding or Trying to attract the teacher’s attention. Trylng to attract the teacher's atlention.
boring lesson.
L er e e e et et - e —————————————
- personal re- Waiting for information to be provided
sponse to a les-
son context. J ____________
- reiated 10 & Engaging In play and humour to maintain &
social relafion- soclal image.
ship.




Melinda's

Diver Lesson

Double Pendulum

- 8 remembered
tdea is used or
sought.

- Information 1s
sought from the
maternals.

- a verba re-
sponse in a
social context.

- information 1s
received from a
social context

Responses Lesson
Cognitive Recognising that no exptanatory ideas Recognising that no explanatory (deas
Responses come to mind. come to mind (jater In lesson).

Aftempting (o think of a reason to account
for something.

A tentalive idea to explain the event.
Observing 2 "new” aspect of the event not
noted previously.

Evaluating an idea in the ight of new
information.

Linking an aspect of the event or discus-
sion to previous experience/ ideas.

A developed and fuller idea to exptain the
event.

Confident that an idea is correct.

Aware that an idea 1s incomplete with as-
pects unresolved.

A tentative idea to explaln the event.
Observing a *new" aspect of the event not
noted previously.

Evaiuating an idea In the iight of new infor-
mation.

A developed and fuller tdea to expiain the
event.

Confident that an 1dea is correct.

Altempting to dentify conditions rejating to
the event.
A thought expenment to test condiions.

- o e e o o 2 e e 0 o o e B e

Thinking of a question to ask

Aftempting to phrase a question for a yes/
no answer. )

Explaining lo others an 1dea, prediclion or
observation

Listening and trying to understand another.
Comparing or contrasting others’ ideas with
one’s own.

Relating information provided o one's own
1deas 1o reach understanding.

Another's Idea triggers a new line of
thought.

- e e e e e

Altemphling to dentify conditions relating to
the event.
A thought experimant 1o test conditions.

e ot e e e e e e o

Thinking of a question to ask.
Explaining to others an Idea, prediction or
observation

uistening and trying to understand
another.

Another's idea triggers a new line of
thought.

Affective
Responses

- affects reliled
to the materials/
event.

- affects related

text.

1o the social con-

Curiosity generated from a puzzling situa-
tion

Frustration at not knowing the answer.
The challenge of thinking of an answer.
Enjoying the lesson or a part of It.

The tesson or a part of it was interesting

Curiosity generated from a puzziing situa-
tion (later in the tesson).
The lesson or a part of it was interesting.

A social aspect of the lesson resulted In
boredom.

Enjoying off-task piay or showing off.
Frustration resulting from a soclal aspect
of the lesson.

Differences in behaviour by her peers.

For each lesson, Melinda was seated in a group of four.

(table 1 conlinued)

The group membership differed

slightly between lessons because of absentesism. In the diver lesson, group interaction was

mainly task oriented. Even the occasional humorous comment was task-related.

In the

double pendulum lesson, group interaction was usually task-oriented. Many of Melinda's
humorous comments were made to any one who might be listening, rather than to the group.
There was nothing in the behaviour of the groups which appeared to be an influence on
Melinda's behaviour,
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Possible differences in the teacher's mood between lessons.

Discussions with the teacher prior to and after the lessons did not reveal any discernible
differences in the disposition of the teacher. Apart from some initial nervousness in the first
lesson, the teacher's manner during the lessons was also consistent. Therefore, while differ-
ences in the teacher's mood between lessons cannot be eliminated as influences on Melinda's
responses, it would seem an unlikely cause.

Differences in the type of discrepant event,

It is likely that the diver and double pendulum discrepant events were different in their level of
complexity and challenge. In interviews held after all the lessons, many students commented
that the diver lesson was more challenging.

Furthermore, the diver in the first lesson was a totally new experience for Melinda, whereas the
double pendulum was not. She had seen a double pendulum working during a recent visit to
an interactive Science Centre, and had also seen one when visiting a local secondary schoot.
However, she did not know how the double pendulum worked. This accounts for the
difference in the level of cognitive conflict between the lessons. Suchman (1966) suggested
that discrepant events serve as strong motivators for students to work towards a solution to
the event. A lack of initial motivation in the double pendulum lesson resulted in Melinda
taking some time before she became interested in trying to find a solution:

Weli we'd seen it before, so we sort of weren't, | wasn't really sort of too
interestud...l sort of wondered why it was doing that a little later, but at the
beginning I'd seen it before so | wasn't really - it wasn’t something exciting.

Melinda became interested when other students began making observations, asking questions
and proposing theories about the double pendulum, and began working towards trying to find
a solution.

Differences in expectations about the lessons.

Melinda knew the teacher would provide an answer at the conclusion of the double pendulum
lesson, whereas she knew she would not be given an answer in the diver lesson. This
emerged as a major influence on her behaviour. Her preferred way of working in science
lessons was:

I like being able to do things. Find out new things...I like being able to sort
of being able to work things out.

During the diver lesson, this is what she did, within the constraints of the lesson. She enjoyed
the challenge of working on ideas, even though they did not always work out:

it's fun to be able to sort of talk about what you think yourself instead of
listening to the teacher tell you the answer right away, but it's fun to sort of
work it out in your own mind...we couldn't think of anything why and it was
just hard because there were so many ideas that we thought of and none of
them sort of were right. They all had ona thing wrong with them that made
them wrong.

Humour had a place in this lesson, but it was controlied and task-related:
sometimes when we would run out of questions...we'd get bored of it so
we'd just go "You must be magic. Maybe you have a magnet on the bottom
or something that's pulling it." ...but while we were doing that we were still
thinking what else could it be that was sensible.
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Humour, then, was used to relieve the cognitive tension of trying to arrive at a solution when
No obvious answers were apparent in this lesson. in contrast, her comments about the
double pendulum lesson show that she also used humour to relieve boredom while she
waited for the answer to be provided:

| sort of said [during the lesson}, "It's not our fault that we're wrong, we
need teachers to teach us.” ‘Cause we were sort of getting a bit frustrated, a
bit bored because | guess we couidn't really find out whether we were right
or wrong...i couldn't think of [any better theory] so | was just sort of waiting
until the teacher finished so we could find out whether we were right or
wrong...l guess maybe if I'd tried | couid've thought of something to get out
of it a bit better, but | was sort of more waiting. That's the easiest way.

When asked why she engaged in humour during the lesson, she explained:

I guess it's sort of something to do, something to make us laugh, to sort of
enjoy it a bit more.

During interviews with other students after the lesson, they were asked about Melinda's jokes.
It emerged that Melinda frequently made humorous comments during lessons. In other
lessons observed informally during visits to the school, Melinda was observed making similar
humorous comments. They were made in a non-disruptive manner, and seemed to be
accepted by students and teachers as appropriate ways of relieving the boredom of
concentrating on a task.

DISCUSSICN

It seemns that Melinda has an accepted role of “joke.” during lessons, such behaviour
designed to relieve boredom from necessary but tedious tasks. This role was assumed
infrequently in the diver lesson, but was used extensively in the double pendulum lesson.
Most everyday iessons taken by the teacher seem to be convergent, with definite closure at
the end of the lesson. lt is likely then, that Melinda has developed her joker role as a learned
response to cope with lessons which are, to her, tedious. She therefore uses humour in
lessons to provide relief from tedious lessons, and to maintain her social image as joker. The
double pendulum lesson apparently was sufficiently similar to everyday lessons to trigger this
response. The diver lesson, in contrast, was open-ended. Humour in this lesson was used to
relieve cognitive tension rather than boredom.

The work of Biggs (1987, Biggs & Moore, 1993) sheds some light on Melinda's behaviour in
these lessons. He described three approaches to learning in tertiary and secondary students:
the surface approach, deep approach and achieving approach. Students who use the surface
approach try to avoid both working too hard, and failing in assessments. The main strategy
employed is rote learning, where students focus on what appear to be the important points,
and try to reproduce them. Those who use the deep approach are intrinsically motivated, and
are interested in the task. They use strategies to help them understand the task, such as
trying to relate it to what they already know, and deriving hypothesss to explain it. The
motivation for students using the achieving approach comes from "the ego trip that comes
from achieving high marks" (Biggs & Moore, 1993, p. 313). They choose strategies which will
give the best rewards from the teacher and the highest marks, so strategies will vary
depending on the task and situation. There is always an element of efficiency in their choice,
which can involve either deep or surface approaches.
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The data in Table 1 for the diver lesson show comparable behaviours to those for the deep
approach. This wouid suggest that Melinda’'s preferred learning approach is the deep
appreach, and she is motivated by a desire to understand the task at hand. Since she was
also very concerned about verifying her answer and ensuring the answer arrived at was
correct, it appears that she is aiso strongly achievement-oriented. Therefore, in the dive
lesson, because the teacher had said that the answer would not be forthcoming, Melinda
chose to use deep approaches. The combination of the different interaction pattern of the
lesson, a highly motivating discrepant event, and Melinda’s use of deep approaches made the
lesson very different from everyday lessons, so the use of humour formed a minor part of the
fesson. However, in the double pendulum lesson, with the assurance that the answer would
be eventually provided, Melinda chose to use a minimum of deep processing, and some
surface processing. For her, this was the most efficient way to satisfy both her need to
understand the task and her desire to achieve, with a minimum of effort. Even though the
interaction pattern of the lesson was different from everyday lessons, the combination of low
motivation from the discrepant event and M.alinda's choice to use a minimum of deep
processing resulted in a lesson where humour was necessary to relieve the tedium of waiting
for the answer.

Melinda’s behaviour in these lessons highlights the contention by Biggs (1987) that achieving-
oriented students will choose the most appropriate learning strategies for the context. That is,
Melinda’s behaviour was context dependent. The contrast in Melinda’s behaviour between
lessons also highlights the powerful effect that students’ expectations about the lesson can
have on their behaviour in a lesson. Melinda was motivated to succesd in both lessons, but
her choices of how to achieve success were dramatically different. Her choices were
determined by the level of cognitive arousal from the initiating demonstration, and whether the
answer would be provided by the teacher. The latter issue raises serious questions as to
whether the apparently common expectation among teachers and students that the “right”
answer be provided during a lesson, is compatible with goals such as formulating hypotheses
and open-mindedness.
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IS ACHIEVEMENT IN AUSTRALIAN CHEMISTRY GENDER BASED?

John Beard, Charles Fogliani, Chris Owens & Audrey Wilson
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ABSTRACT

This paper compares the performances of female and male secondary
students in the 1991 and 1992 Australian National Chemistry Quizzes. Male
students consistently achieved a higher mean score in alt Year groups (7 to
12), even though the numbers of female and male entrants were
approximately equal. Impilications for class tests and assessment tasks are
addressed.

INTRODUCTION

The Royal Australian Chemical Institute introduced a National Chemistry Quiz in 1982, with two
papers: a Senior Paper (Years 11 and 12) and a Junior Paper. A third paper (Years 7 and 8)
was introduced in 1989, and a separate paper for Year 11 in 1992. The number of students
taking the Quiz has increased from 8,750 (150 schools) in 1982, to over 63,500 (850 schools)
in 1992. Schools from all Australian states, Fijii, New Zealand and Papua New Guinea
participate.

The Quiz aims to encourage a better understanding of the nature of chemistry and its
relevance to society. Some of the items specifically relate to chemistry in everyday living.
Each paper in the Quiz is non-syllabus based and contains thirty multiple choice questions
designed to stimulate interest in chemistry. Items have been classified (based on Bloom's
1956 Taxonomy of cognitive objectives) into knowledge; comprehension; application; and
analysis categories (see the two books of past papers by Beard, Fogliani, Owens, & Wilson,
1992a, 1992b). In the 1991 Quiz for Years 11 and 12, the percentages of questions in each
category were: knowledge 17%, comprehension 23%, application 43%, and analysis 17%
respectively. A high standard is demanded by the Quiz; less than 130 students scored 29 or
30 out of 30 in 1991 and 1992. No penalty is applied for incorrect answers and various
awards are given for levels of achievement.

The main aim of this paper is to report and to compare the performances of male and female
students in the 1991 and 1992 Quizzes.

RESULTS

The numbers of males and females entering the Quiz are approximately equal. The numbers
of students entering increases by the year level (3,000 in Yar 7 to 12,350 in Year 12). About
a thousand fewer females than males in Year 12 and 500 fewer in Year 11 participated in the
Quiz in 1991 and 1992. In contrast, more females than males in Years 7-10 participated.
However, there were approximately twice as many males as females for each Year group in
the top 150 students. The ratio of male:female ranged, across the Years, from 1.8 to 3.4 in
1991 and from 1.5 to 5.3 in 1992,

Overalf, males performed better than females with the mean scores for males ranging from
0.47 to 2.01 marks above the females’ mean scores (standard deviations were around 4). For
each Year the mean scores for males and females were significantly different at the 0.001 level
except for Year 7 in 1392 where the level of significance was 0.01 (using a t-test analysis).
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For each of Years 7-12, a higher percentage of males gave correct answers for the majority of

questions, increasing from 18 out of 30 items in Year 7 {for 1992) to 28 out of 30 items in
Year 12.

Males often performed better in questions involving the interpretation of graphs and, for four
of the five questions used in more than one year level, the differences between the
performances of males and females widened as the year level increased.

In the Year 12 1992 paper, the percentage of males selecting the correct answer exceeded the
percentage of females by more than 10% in six questions. Four of these six questions
required chemical calculations to be performed. (A total of 12 questions out of 30 involved
calculations.) The differences in percentages of males with the correct answer to females with
the correct answer ranged from 11% to 14%. A higher percentage of females than males
gave the correct answers to two questions but the differences were much lower (3% and 4%).
One of these questioned was concerned with “the effect of a catalyst on an isolated chemical
reaction® and the other involved the complstion of a flow chart on the preparation of
ammonium sulphate.

A similar situation exists with the results of male and female students in Years 7-11. For the
questions that either gender answered more successfully, the difference in the numbers of
items and in the percentages of those correct to not correct are generally in the males’ favour.
The ditferences for Years 7 and 8 are not as great as for the other four year leveis.

Overall, for Year 12 in 1892, the differen~a between males and females omitting items is small.
More males than females omitted 5 oy «ne questions whereas more females omitted 20 of the
items and for the remaining § items, the omission rate was the same. The average difference
in percentages of omission was 0.3%. The item most omitted was a calculation question
which almost 5% of students omitted. For this item, 0.7% more females than males refrained
from answering.

DISCUSSION

The finding in this study that males perform consistently better than females in chemistry in
Years 7 - 12 is supported by two other major recent studies (Rae, 1993; Rosier, 1988). Rosier
commented on the achievement of Australian lower secondary students (14 year olds, about
Year 9) in the Second International Science Study (SISS). Male students scored a mean of
59.8% and female students 56.0%. There was a significant difference at the 95% confidence
level. On the 15 chemistry items, the mean scores were 48.5% and 46.1% respectively with a
significant difference at the 95% confidence level. Rosier noted that the better performance by
male students in the SISS was significant on questions requiring comprehension and
application but not knowledge.

Rae (1993) analysed Victorian Higher School Certificate chemistry examinations from
1;37-1990 and found that the male cohort made more correct responses in multiple choice
tems. In addition on several items in each examination "the success rate for ma.3 students
exceeded that for female students by 10% or more®. Almost half of these items involved
chemical calculations.

Alternative explanations for gender differences

It cannot be said conclusively from these resuits that males perform better in chemistry than
females because the sample, though large, was self selected and because . 6 Quiz format
may have been gender biased.
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The samples of males and females taking the Quiz were not random or equivalent as only
some schools out of the total national school sampls are involved in any year, and most
schools do not enter all their students studying chemistry. The proporion of females studying
public examination chemistry in Year 12 in Australia in 1980 was 17,530 out of 40,597
students, i.e. 43.2% (Dekkers & De Laeter, 1893). The 5,412 females who participated in the
1991 Quiz represent about 30% of the females in Year 12 studying chemistry.

Format and _content of the Quiz

The format of the Quiz may favour male over female students who sit for multiple choice
tests /examinations (Murphy, 1978; Harding, 1979; Rennie & Parker, 1981; Woolnough &
Cameron, 1991). Murphy (1978) mentioned the possibility that “the attitude of females to
objective tests is low". Rennie and Parker (1991) suggest that item and test formats plus item
context are very likely to be involved in the explanation of the females’ lower performance in
multiple chaice questions.

Although attempts were made to minimise the effects of item context, there were two
examples in the 1932 Quiz which may favour males. Question 12 (Year 12) was about moles
and involved "a stone about the size of a cricket ball* while question 12 (Years 7 & 8) related
to metals "used in alloys such as solder and bronze".

Another factor which may have contributed to the difference in performance is *males’ greater
willingness to guess” rather than to omit items in muitiple choice tests (Rennie & Parker, 1991).
However, the differences were slight in this study. Boys often show a confident assurance
and are less inhibited about guessing when they are not certain of the correct answer. The
use of guessing by males in the Australian National Mathematics Competition has also been
noted {Clements, personal communication, 1993) but in this Competition, there is a penalty for
guessing.

Mathematics and science

Gender differences in mathematical ability have been proposed by many researchers but there
is "normally more variations in these skills within groups of males or females than there ever is
between them® (Murphy, 1978). In the United Kingdom, the areas of mathematics showing
the greatest gender differences are application of number, measurement, rate and ratio,
concepts of fractions and decimals, and computations with fractions (Shuard, 1986). Gardner
(1974) concluded that girls did not perform as well as boys “on tests measuring numerical
skills, mathematical reasoning and formal operational thinking".

The mathematical skills required to answer the questions in the Quiz include facility with
percentages, fractions, logarithms to base 10, addition, division and finally ratio and
proportion. No advanced mathematical ability is required to answer aimost all multiple choice
questione except for one or two questions in Years 11 and 12. However in the 1992 Year 12
paper, four out of the six questions in which the average percentage of males correct
exceeded the average percentage of females correct by at least 10% involved chemical
calculations.

Gardner (1974), Head (.985), Sjoberg {1990} and others have suggested that biological,
environmental and social aspects of science or chemistry would be more interesting to
fomales and hence one would expect they might perform better on such questions. In fact
girls in Years 7-12 performed less well than boys on questions which emphasized these
aspects in both the 1991 and 1992 Quizzes. The results on 45 such questions given to Years
7-12 show boys did better than girls on 34 questions while girls out-performed boys on 11
qusstions. Of the 16 questions on biological, environmental and social aspects of science

4
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given to Years 11 and 12, ten involved mathematical calculations and the boys performed
better in all ten cases.

In-school and out-of-school experiences

Some researchers including Yates (cited in Jones, 1993) still claim that the school curriculum
is biased towards the interests of males and that inequality is quite widespread. The school
attended is an important factor in students’ performance but there is confiicting evidence on
whether single-sex schools or single-sex classes in mathematics and science is the best
environment for females.

Gardner (1974) evaiuated many studies of secondary students’ interests in science and
concluded there is "a substantial body of evidence showing that boys display more interest in
science than girls’. This may no longer be correct in 1993 given the increase in the number
of females studying science subjects to Year 12 aithough more males participated in the
Chemistry Quiz than females. However boys may still be more interested in physics. Gardner
noted that boys engage in tinkering mora frequently than girls with mechanical and elactrical
objects. Tinkering outside of school such as repairing equipment, was identified by Gardner
as showing the highest correlation with gender differences in performance in science subjects.

Rennie and Parker (1991) related the different out-of-school experiences for males and
females with their different performances in science subjects. Males will perform better in
areas where they are more familiar with the context. He..ce in both chemistry and physics
males often have an advantage.

IMPLICATIONS FOR STUDENT EVALUATION

Teachers at all levels of the education process should be aware that the exclusive or extensive
use of multiple choice questions in assessment for chemistry and other science subjects might
advantage male students. If multiple choice questions are balanced by structured questions
and essay questions, then girls are less likely to be disadvantaged (Harding, 1979 and Rennie
& Parker, 1991).

Also it is difficult to test Bloom's (1956) higher categories of *synthesis® and "evaluation® using
only multiple choice questions. Some academics and teachers use muitiple choice question
extensively in the evaluation of students because the answers can be easily marked It would
be interesting to compare male and female students’ performance on practical work, course
work and a final examination that consisted of multiple choice questions.

CONCLUSION

Gender differences in science were first noted in the 1870s. It may be thought that with the
greater encouragement given to girls to undertake chemistry subjects, with attemp.. at gender
equity in schools and the community, and with more females continuing on with chemistry at
senior yaars of school and at university, that there may now be a change in the achievement
of females in chemistry compared to that of males. However, this large =.udy would indicate
that females are not performing as well as males in chemistry although there are several
possible alternative explanations for the resuits obtained in the study,
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TOWARDS BECOMING A REFLECTIVE PRACTITIONER:
WHAT TO KNOW AND WHERE TO FIND IT

Anne Byrme & Campbell J. McRobbie
Queensland University of Technology

ABSTRACT

Preparing student teachers to teach thoughtfully and to consider carefully
the consequences of their work involves creating opportunities for these
beginning teachers to learn the skills and attitudes required for reflective
practice. The case study described here explores one model of developing
reflective practice and the congruent role that the source and use of
knowledge of good teaching practice has in the process of dsveloping the
reflective practices of a post-graduate pre-service science teacher. Of
particular interest are the facilitators and barriers she sees as affecting this
development.

INTRODUCTION

Despite apparent overwhelming support in the literature during the last decade for the
development of reflective practices in preservice teachers, the definition and description of the
key concept, reflection, remains quite open. While the overlap between many authors’ ideas
and perceptions is often cnnsiderable, there are also several discernible differences. These
differences, in turn, have led to a multiplicity of recommendations as to the most effective and
appropriate form that preservice teacher education aiming towards the development of
reflective practices should take.

Grimmet, Erikson, MacKinnon and Rieken (1990) present a functional review of reflective
practices with what they see as three pervading orientations or perspectives to reflection in the
literature. Their initial pragmatic use of the definition of reflection as "how educators make
sense of the phenomena of experiences that puzzle or perplex them® lays the foundation for
the rest of their review.

By focussing on how and what knowledge (of good teachers and good teaching practice) is
accessed and subsequently used, they build a useful and tangible framework for analysing
both current reflective practices of teachers and the practices of teacher educators with
respect to the development of reflective practices in their students.

They maintain that their definition of reflection can be developed further by exploring the use
of the knowledge base needed for *...making sense of the phenomena...”. Thus, by examining
the process of utilisation of that knowledge, they present what they see as three orientations to
reflection in the literature.

At the least complex level of reflective practice, they maintain, knowledge from external
(research) sources drives practice with the emphasis lying with the replication of desirable
teacher behaviours (Cruikshank, 1987).

A second, more complex level of refiection suggests that knowledge of good teaching
practice is derived from several available and competing sources, with choices by the
practitioner being made in the context of practice as to the best course of action. Thus
knowledge informs practice.
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The third level suggests that new understandings are reached as the practitioner *...recasts,
reframes and...reconstitutes...” (Schon, 1987 in Grimmet et al., 1891) understandings in such
a way as to "generate frash appreciations of the puzzlement or surprise inherent in a practical
situation.® Schon (1987) actually spoke of reflective practice as °the manner in which
practitioners frame and reframe problematic situations to make sense of the experiences that
puzzle and perplex them".

This process allows teachers to arrive at new understandings of their own practice and thus
allows a continual growth in the knowledge of their practice. The emphasis lies with the
important theories relating to successful practice being implicit within and growing from the
individual's practice itself.

The central premise explored here then, is that as a student practitioner develops from a
simple level of reflective practice to a more complex level of such practice, there is a
concurrent shift in the perception of that student as to the source and subsequent use of
knowledge of good teaching practices.

METHOD

In order to explore this premise, five questions were addressed:
* What change has occurred in the nature of the student's knowledge of good teaching

practices and good teachers?

* What shift has occurred in the student teacher's perception as to the source and
subsequent use of knowledge about good teaching and good teachers?
What change has occurred in the student's refiective practice over a specified time?
What are the factors affecting, the conditions facilitating and/or the barriers inhibiting any
changes which may have occurred?

*  What events may have influenced the nature of her reflective practice?

As this research was concerned with changes in a student teacher’s perceptions of her source
of knowledge (of good teaching and good teachers), the use of that knowledge, and changes
in her approach to reflection, a methodological approach which relied on interpreting her
current perceptions and beliefs seemed most appropriate.

To make it possible to obtain adequate data for any such interpretive analysis, it was
necessary to use methods that allowed the student every opportunity to express her beliefs
about good teaching, the source of her knowledge and about various aspects of her teaching
practice over an extended period of time.

Hence a case study of a preservice part-time post-graduate student, Jane, was undertaken.
This study spanned her two year course. Throughout the period of this study, Jane was also
working full-time as a medical research assistant. Data concerning her reflective practices was
collected at the beginning of her course, at regular intervals throughout her course of study
and at the end of the period oi observation which coincided with the end of her course of
study. Apart from attending her formal lectures during this time, she was aiso invoived in two
four week practical teaching sessions in a secondary school.

Jane was selected for a variety of reasons such as her accessibility, her willingness to
participate in this project and her role as a preservice post-graduate student. The main reason,
however, that she was selected as the subject of inhis study was because of her previously
demonstrated ability to articulate clearly her feslings, her perceptions and many of the her
cognitive processes.

2
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The data relating to the student's perceptions of her source of knowledge of good teaching
practice were gathered using a variety of methods. Because this research is concerned with
the "significance of actions and behaviours® (Erikson, 1986) of a student teacher, it was
important to coliect data that reflected the points of view of the participant herself. It is
important because "humans create meaningful interpretations of the physical and behavioural
objects that surround them® (Erikson, 1986). Therefore any methods selected had to focus
directly on the participant, the "actor®, and her perceptions of her world.

Three types of interviews were applied. Firstly, interviews with a general guide and then
subsequently, standardised open-ended interviews were used. There were periods of reflection
between each episode which allowed for analysis and interpretation of the data. In addition to
this, further detail was obtained from a free-write reflective writing opportunity given to Jane
half way through her course of study. The third style of interview was undertaken in order to
collect a greater breadth and hopefully depth of information on the processes under
consideration. Jane was shown a series of videos of contrasting teaching styles in science
classrooms and was asked to comment on these, describing the aspects of the teaching she
liked and disliked, and how she would cope with similar material and situations. This task is
based on research by Calderhead and Robson (1981) and is aimed at encouraging Jane to
make more explicit the taken-for-granted assumptions about her knowledge of good teaching
practice. Details of the data collection process are shown in Table 1.

An interpretive research method was used in order to interpret the range of qualitative data
that was collected from this study. This method, Erikson (1986) argues, is most appropriate for
the “identification of specific causal izikages ... and the development of new theories about
causes and other influences on the patterns that are identified in the survey data...”.

Thus the findings are presented in the form of a number of assertions derived from the data.
Assertions are designed to function as key linkages, as constructs which tie up the “various
strings” in the data and demonstrate the plausibility of the objective of the research.

TABLE 1
SCHEDULE OF INTERVIEWS OVER THE TWO YEAR PERIOD

DATE NATURE OF DATA COLLECTION
July 1991 structured interview
July 1991 video viewing + general guided interview
April 1892 structured interview
Apnt 1992 4 week practice school
May 1892 open-ended interview
June 1992 writing exercise

February 1993 structured interview

April 1993 4 week practice school
April 1993 general guided interview
June 1993 open-ended interview
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The framework suggested by Grimmet et al. (1990) for classifying the level of refiective
practice of the student was adhered to as closely as possible. Thus the focus throughout
remained with where the student perceived her knowledge of good teaching practices to
come from and how it was to be used in her own practice. it is the analysis of this accessing
and use of knowledge which provided clues as to the nature of reflection which is being
practised.

ASSERTION 1: A change has occurred in the nature of the knowledge (of good_ teaching
practices) that Jane considers to be important.

By referring to expert and novice teachers when working in the area of reflective practice,
Berliner (1986) suggested that the networks of knowledge and meanings of experts
{experienced teachers) are more complex than those of novices. This is because they include
more categories, more detail and more interconnections than do the lesser novice networks.
He suggests that when confronted with a problem situation (in a classroom) experts can draw
on this rich source of previously "acquired, learned and developed™ patterns and knowledge
and thus make more "appropriate choices and decisions®. This, in turn, assists in the
continuing development of the complexity of the networks - a spiralling process.

Reynolds (1992) also distinguishes between what she calls competent and novice teachers on
the basis of their ability to refiect on unsuccessful classroom behaviours. Not only was the skill
of reflection less honed in the novice group she studied, but their concerns and the priorities
they placed on what they felt was important to know differed from the competent teachers.

in July, 1891, Jane was preoccupied with two aspects of her practice, namely, *...how to
control them...” and what she called "practical knowledge” of the subject she was to teach
(chemistry). "Teaching®, she believed, "is about explaining well... and the subject matter is
most important™. Also, *I need a good list of discipline methods that works®. She does make a
passing mention of the desirability of "making a relaxed classroom environment...".

One session of practice school and ten months of her course, however, and a note of
desperation entered her discourse. Phrases like “...surviving and coping...” and *...just how will
| deal with all | have to know..." as well as °...there’s so much more involved than | thought..."
{(April 1892) surfaced, indicating a shift in her original ideas about both the breadth and the
nature of what she felt she needed to know. The "prac school nightmare® opened her eyes to
a *whole range of things ... | hope | can find out about before | go back there..." {(February
1993).

By June 1993, after that second session and further lecture courses, some of the elements of
Reynolds" competent teacher began tc amerge in phrases such as "...| have to be ... finding
out what is relevant to my kids..." and “..| need to be able to know how to anticipate what is
happening in my classroom...”. Students had obhviously shaped up in her mind as individuals
with needs that she felt she had to assist to meet, “...1 must know how to meet their needs for
when they leave school...". Her perception of the nature of her subject matter itseif was also
shifting in this period of time: " used to think chemistry, science really, was what they gave us
in lectures at Uni - it's nothing like that really is it? How on earth can | find out what | should
be teaching as science in my classes?” (July 1891). But by June 1992, a different note was
emerging.

I've never read as many newspapers as | have in the last six months ... it takes so
much time to keep up with everything in the world so | can make my grade nine’s
understand that science is not a dead subject ... that it has relevance for them
...and ironically me too ... | had never really thought about it myself until | had to
face survival by being interesting or DIE (her emphasis).

3U
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Of course, how to handle "sanity, survival and stress® were still issues uppermost in her mind.
But the focus on her classroom strategies had shifted from “discipline” and "punishment” (July
1881) to "management® of time, people and curriculum (June 1893). "I need to know how to
make them all work the best way I can.”

ASSERTION 2: A changs_has occurred in the source of knowledge (of good teaching
practices) that Jane considers to be important.

Calderhead (1987) in his review of existing theoretical frameworks concludes that the *student
teacher, in fearning how to teach, has to cope with a wide range of differing experiences...
thus the necessary knowledge developed by the student will vary over time in content, nature
and ...how and where it is acquired".

It all seemed so clear-cut in July, 1991: *I'll learn how to teach from here (QUT)... the lecturers
should be able to tell us how to teach.” In a sense, this was a surprising admission, as Jane
had worked for a number of years and couid have been expected to have drawn on many
different sources for her knowledge of good practices as she indicated she would normally do
at work. A iittle prompting yielded *I think | would like to see some really good teachers at
work®. But, at this point "good” was strongly linked to "well disciplined” and "good grasp of
subject matter”.

Once again, practice school seemed to chalienge her preconceptions and shake her
confidence in what she called “the formula for successful teaching®. In April, 1992 Jane was
saying "I'm not so sure anymore ... everyone tells you something different ... and 1 keep trying
to remember what the teachers | thought were good would have done ...°. By June of the
same year, “... | just hadn't realised ... how important a role my preconceptions and
experiences would play in my own classroom behaviour, especially when | would get stressed
and forget what | had been told at College”. There was a real note of desperation evident in
her words just prior to the second practice session °...I've run out of places to go for help -
the apathy of some teachers is appalling...".

It was not until after this session that a new note of confidence in her own ability to decide on
a course of action surfaced (June, 1993): “some days, after a particularly bad one, when my
supervisor just shrugs as if he doesn't care, | go home, tear up a few pillow cases with my
bare teeth and then get down to the business of sorting it all out. Otherwise, tomorrow will be
just as bad ... and | don't have that many pillowcases...".

With this came a decreasing reliance on external sources of wisdom and the development of
a more consistent use of her own abilities to deal with situations that arose in her classroom,
"... ultimately, there’s no-one but me ... | have to decide ..I'm the one who has to live with,
wear my decisions about how I'll cope with things®.

With respect to the actual nature of her subject as distinct from the style of her teaching, this
reliance on herself became more evident after the first teaching practice session. *l read all the
papers now, not just the cartoons and the headlines ... searching for ideas and examples that
might grab them ... issues they might respond to ... reasons for studying science.” “I'm glad
it's science I'm trying to sell, at least the need for its presence in the curriculum is obvious to
most kids and why they're doing it ...but it's nothing like what | suffered through at school ...
the funny thing is that by doing it this way, a lot of the "good teacher® things just happen as
part of the teaching this way..." (June 1993).

3 4
[
i




20

ASSERTION 3: A change has occurred in Jane's reflective practices over the two year period
of the case study.

I'm sure once they (the lecturers) have given us some ideas on how to teach and
I've brushed up on my subject matter, I'll feel more confident than | do now. Sure,
I'll make mistakes, but prac school should give me time to iron out a lot of them...
(July 1991).

Where is that academic formula for success when | need it? (May 1992).

That earlier apparently unshakeable confidence took quite a battering at practice school. Jane
encountered so many unexpected situations when “all | thought | had to do was know my
subject matter and be interesting ... and it just didn't happen that way...I didn’t even guess till
then that | didn't know what interesting meant to them..." (May 1992). Her indignation and
desperation were clear to see at that time, “...| feel like | have to rediscover the wheel... no-one
seems able to give me the help | need" (April 1992,) and *I cannot belisave how naive | was
when | first came in ...I had no idea..." (May 1992). And what made it all the worse for her was
that *...no-one | turned to seemed to have the solutions | needed ... my lecturers just kept
answering my questions with questions® (April 1992).

But even then, "I used to go home every day and wonder just where | had gone wrong ...
what | had to do to avoid the same disaster all over again” (April, 1992) indicates the essential
elements of early reflective practices. At this point though, the search for solutions was still
external, "... when times are tough, | tend to fali back on that authoritarian teacher approach |
grew up with - then | try to stop and remember what I've been taught and what I've been told
is the best way to handle the situation® (May 1992).

The second practice session yielded a whole new approach to dealing with problems. "l've
always wanted to help students to learn for themselves, but I've really had to dig deep in me
to work out how - | can't remember fearning anything like that ... in my own education or at
Uni ...so | had to figure something out for myself ..." (June 1893).

Her confidence in herself had grown, and with this came a change in how she saw her role in
her classroom. "There's no-one to tell me, although lots of places, especially College, have
given me starting points to work it out for myself... every little thing ... it's all got to be worked
out by me to suit me and my kids ... but | find it so daunting and so time consuming ... | can
only hope it gets easier” (June 1993).

ASSERTION 4: There are certain discrete events which Jane has identified as influencing her
reflective practices.

At the end of her course {(June 1993), Jane was asked to review much of what she had said
over the two years and list those events which she believed challenged her and may have
resulted in a change to her reflective practices. She identified seven events or situations which
she said "... made mie look at things in my classroom and how to deal with them in different
ways from how | would have if | hadn't had exposure to these ideas”. Her list ic as follows:

* Lecture on Jerome Bruner's learning theory

* Class seminars on misconceptions/alternative frameworks

* Ken Tobin's article "Social constructivist perspectives on the reform of science

education”

* Reviewing the Qid Junior Science Syllabus

* Examining the Quad model of science education

* Prac school, especially the first one and especially the "year nines from hell®.
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Broadly speaking, these events or situations could be classified into two categories. Tha -t
of these categories would include all of the new ideas and theories which ... | had no Ze.
existed ..when | came in to the course | thought that teaching would involve telling them
everything in an interesting way ... a bit like pouring # in, | guess..". In particular, Bruner's
learning theory had an impact because "... for the first time | realised that learning wasn't
straightiorward... that there were choices to be made about how students might learn ... even
about what learning was...".

This was further complicated with her exposure to the article by Ken Tobin, "...suddenly |
realised that not all teachers now think about teaching and learning theory the same way ... or
that they thought the same in the past ... | begin now to understand why there is so much
debate about the “right way" to do it all ... why having a Syllabus is necessary ... what
comparability means ... or doesn't mean...".

The whole issue of what comprises science education became equally confusing for her, *... |
used to think | just had to be interesting ... but it wasn't till prac school that | realised that what
was interesting to me because it was inherently interesting wasn't to them ... { had to question
what interesting really meant. Then the Quad model (a model relating to various curriculum
emphases developed in the course) came along and | had a glimmer of where | was
stumbling around and how | might organise what | was trying to do ... even find some
common ground for me and them...".

The second category of events focussed around the “real-life” of practice school. The iess
challenging classes that Jane encountered provided her with little concern. They accepted her
efforts uncomplainingly and seemed to provide her with little stimulus or challenge in terms of
her growth and development as a reflective teacher. *| guess | was pretty complacent and
naive, | now realise, that first week. | just thought all my ideas about teaching were coming
together beautifully. How wrong | was...".

She mentioned the year nines in particular, along with some other isolated incidents in her
classes as causing her to review her practices, her approaches to teaching and her
philosophies of science and science education.

! dreaded them ... and yet they fascinated me ... like sai* and vinegar chips, you
know ... you hate them but you keep wanting more. 1 just couldn't let them beat
me. They didn't hesitate to let me know | was boring and | turned them off ... it took
so long to find a chink ... to catch them off guard and reel them in ....

She thought she expended more effort with this group than with the other three classes put

together.
| pestered everyone who had them ... | even sat in on other subjects and other
teachers that had them to see how they reached them ... and though | got some
ideas, | didn't get answers ... | had to plough on myself and my supervisor didn't
seem to care. But | got them ... sometimes when | got hold of stuff that they could
relate to ... sometimes surprising stuff | just picked up from a passing comment
...not the stereotypes of motorbikes and sex .. but unexpected things like ...
rusting, growing things, recycling paper. But what a ot of work ... | had to be on
my toes with them all the time making sure | wasn't losing their interest ... staying
alert and listening....

ASSERTION 5: There are identifiable facilitators and barriers to the_process of developing
more complex levels of reflective practices.

Jane, when interviewed at the end of her course (June 1993) was also asked to list what she
considered to be the faciltators and the barriers to the development of her reflective
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practices. This section is of particular interest to those of us involved with the planning of this
post-graduate course as it gives some insight into how students view the effectiveness of
various aspects of the course,

Barriers:
* *my own, barely recognised preconceptions and precognitions*
“the feeling of isolation that being part-time brings®
“the apathy that most of my supervising teachers showed to my struggles"
“lack of structure in the course to give us review and discussion time about
problems — like a debriefing — everyone was too busy"
"lack of confidence in iny own judgements®
*a fear of the unknown ~ and the consequences —~ and a lack of feedback"

Facilitators:

* "exposure to all the new ideas, especially when we were in classes that let us talk
and interact
“watching good teachers and knowing what to look for"
“some of the awful days at prac school when none of my teachers could help me*
“time over the two years to think about it all before | had to jump back in again®
*much as | hate to admit it, because it frustrated me like crazy, but the lack of
answers from my lecturers - but at least | felt like it was deliberate, not apathetic like
at school’
“the response of the kids when | got it right - they gave me the feedback and the
confidence that | could handle it on my own, in my own way..."

IN SUMMARY: SOME THOUGHTS

Jane's reflective practices did appear to change over the two year course as she gained
confidence, classroom experience and encountered success with her approaches. This
change in her practice was congruent with an explicit shift in the nature of knowledge she
considered to be important, the source of such knowledge and how she used that knowledge.
As time progressed she seemed to be relying more and more heavily on synthesising her own
solutions from her past experiences and her continually growing body of acquired knowledge;
knowledge acquired externally and reshaped internally as she processed ongoing
experiences.

A few further thoughts with respect to course design are perhaps worth noting here. The
nature of the two year part-time course seems to force students back un their own resources
more than does the full-time alternative. The time factor itself also seems to give students
more time to reflect and reconsidar their options. Some of this time could be used more
constructively, perhaps, if strategies such as journals and debriefing exercises were structured
into the course and applied consistently throughout the two year period. A closer integration
between the various subjects could be of benefit aiso by allowing for some continuity of ideas
development.

One area worth exploring in the preparation of student teachers is the effect that the type of
class they are exposed to at practice school has on their developing reflective practice. While
no one would wish to hand an inexperienced teacher a series of impossible classes, it may be
that it is only by regular exposure to more challenging situations that a student teacher is able
to explore the sequence of increasingly complex refiective processes. As Jane indicated, *... |
had to do something ... and fast ... because they would be there waiting for me the next day
... it had to be worked out by me to suit me and my kids...".
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SCI-TEC: EVALUATING A NON-DEFICIT MODEL OF IN-SERVICE

Graham Crawford & Yvonne Zeegers
University of South Australia

ABSTRACT

The Sci-Tec project was based on an interactive, non-deficit model of
in-service in which the fundamental principie was to value the expertise of all
participants, and to encourage them to share that expertise with others. As
part of the unfolding of the project, the participants also identified various
areas of need as they arose, and these too became elements of the
in-service agenda. The model has proved to be robust when applied in a
wide range of schools, and with teachers who originally expressed widely
varying degrees of confidence and interest in teaching primary science and
technoiogy.

BACKGROUND

In Phase 1 of the project, Focus Teachers participated in three complete weeks of in-service
based on this non-deficit interactive model and then providad similar in-service to the Year 5-7
teachers in their own schools. In Phases 2 and 3, this in-service continued while they worked
with two key teachers from sach of three to five neighbouring schools, who were in tum
providing in-service for the Year 5-7 teachers in their schools. The model was designed to
avoid the dilution factor of the various ‘top down' models of in-service education, in that the
starting point for all programs was valuing and sharing the expertise of each group of
teachers. By encouraging all participants to identify their strengths and their areas of need, it
sought to ensure that the expertise being shared was what the participants themselves valued,
rather than what someone else thought they ought to need. (Fensham 1991).

Progress reports on Phase 1 (Napper, Crawford & Zeegers, 1991) and Phase 2 (Napper &
Crawford, 1990} of the project described in some detail its theoretical underpinnings and the
procedures followed. In their evaluation sections these reports acknowledged the limitations
of using the traditional evaluation procedures of trying to match outcomes with objectives
particularly in a project in which many of the original objectives changed as the needs of
participants changed. Nonetheless, the avaluations of Phase 1 clearly indicated to the funding
bady (SA Education Department)} that the objectives of the project were being met and that
the participants felt considerable satisfaction about the outcomes of their efforts, particularly in
terms of their students' (and their own) responses to the science and technology programs
occurring in their classrooms. These evaiuations, particularly those conducted by Dr Mike
King (An evaluation of Phase 1 of the Sci-Tec project, unpublished) and the Education Review
Unit, (1991), also enabled us to direct later evaluations towards aspects of the project which
were more/less effective in the eyes of the various participants, rather that always seeking
some largely mythical ‘overall picture’.

INTRODUCTION

Throughout the project, focus teachers have been seen, and have seen themselves as
curriculum developers, planners, implementers, evaluators and initiators. That is, they have
been the decision makers, not only in that they made the decisions, but also in that they
determined what decisions needed to be made. They have also seen themselves, the Phase
2 and 3 teachers and the students in their classes as co-researchers in the project. In these
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respects the project has followed an action research spiral in which an important function of
the Area meetings and the project conferences was to share ideas and generate theories to
guide the participants' on-going conceptualisation, implementation and evaluation of the
project.

Any kind of summative evaluation seems inappropriate in this context, particularly as the
project was designed to be on-going, and self-sustaining. However Focus Teachers believed it
was important to record the outcomes of the project at the end of Phases 2 and 3 as these
were seen to be significant points of reflection in the project's development. The key research
questions chosen were:

1. What are the outcomes for Sci-Tec schools in terms of improving learning and
teaching in primary science and technology?

2. What are the outcomes of this process for the participants in terms of their personal
and professional empowerment?

Accordingly it was these questions which guided the evaluation process during Phases 2 and
3 which is reported in this paper.

PHASE 2

Method - Focus Teachers In Phase 2 the Focus Teachers perceptions of the outcomes
were collected via:

* group discussions at Area meetings in which samples of students’ work, photographs
of class activities, teachers’ science programs and discussions with Phase 2 teachers
and principals, were used to inform and focus the discussion.
written reports about the progress and problems in Phase 2 schools

* a formal interview with one or other of the present authors in which the Focus

Teachers discussed what writing these reports meant to them, how effectively they believed it
conveyed what was happening in the Project, and what specific issues arose from their report
which they believed needed the attention of the project team and other Focus Teachers.

All information cotlected by taped interview or notes of discussions was returned &0 Focus
Teachers to check its accuracy. It was made clear at every point that they still owned that
information, and that if they did not wish any of it to be used it would immediately be deleted.
This proved extremely valuable, as although minor deletions were requested only on two
occasions, many excellent additions resulted from this referring back process.

As their role was to support Phase 2 teachers who were providing school-based in-service, the
Focus Teachers spent little time in Phase 2 school classrooms. The information they included
about outcomes in Phase 2 schools was therefore gained primarily from what the Phase 2
teachers reported during group meetings.

Focus Teachers' Perceptions The Focus Teachers reported in Focus School groups, and
so 24 reports were compiled. All of the Focus Teachers reported that the Phase 2 teachers
with whom they were working had significantly changed both their classroom practice in
science and their attitudes towards science. How significantly these had changed however,
varied considerably. From their journal records, Focus Teachers were able to produce
specific examples of changes in practice and attitude experienced by at least two-thirds of the
Phase 2 teachers with whom they were working. These included:

* teaching more science and technology (23)

* using strategies shared in training sessions (18)

* providing activities to which students are responding enthusiastically (16)
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moving to an investigations-based approach (13)
moving away from ‘one-off science lessons (10)
* developing strategies to encourage greater participation by girls (8)

Changes in the attitudes of Phase 2 teachers included:

* greater confidence and enthusiasm in teaching science (19)

* greater confidence in sharing ideas and practices with other teachers (17)
* better able to identify their own needs (17)

»

better able to identify their own stiengths (14).

Changes occurring in Phase 2 schools included:

more ¢ Juipment/materials collected, purchased, orgznised and used (21)
* special events such as Science in Schools Week, Science Days and working displays

of science activities (18)
in-service programs in progress for ali Years 5-7 teachers (17)
writing or review of the school science policy (15)
increased involvement of parents in science activities either in the classroom or at
home via teports and newsletters. (11)

Method - Phase 2 teachers and principals A vital part of the evaluation of Phase 2 was to
ask teachers and principals from these schools to complete an open-endeu questionnaire
stating the major outcomes of their participation in the project under three headings, namely:

* for you, as a Phase 2 teacher (Phase 2 teachers)
" for your school (Phase 2 teachers and principals)
* for students who have been involved (Phase 2 teachers)

They were also asked to provide evidence which would support these views. This information
was coded and summaries returned to the Phase 2 participants. With their approval it was
also made available to the Focus Teachers who had guided their in-service training, thus
giving Focus Teachers the opportunity to appraise their own perceptions against those of the
Phase 2 teachers with whom they had been working. Focus Teachsrs and Phase 2 teachers
both believed this was valuable.

Responses were received from 36 principals (42%), and 61 (60%) of the Phase 2 teachers
many of whom completed the survey jointly. These joint responses were treated as a single
response.

Phase 2 teachers perceptions (N = 61): outcomes for teachers The dominant responses
were that they feli more confident about teaching science and technology (36), that they
gained more satisfaction from teaching science (33), and that they had gained new insights
into the roles of science and technoiogy in the primary classroom (31). There is no mistaking
the enthusiasm of the statement: "I am confidently using glue guns, planning electrical
activities, have introduced a Tinkering Table, and have chosen and purchased new equipment
and curriculum resources for the school.” [This and all quotations from teachers in this paper
are taken from unpublished Sci-Tec Reports of Phase 1, Phase 2 and Phase 3 prepared by
the authors for the SA Education Department.]

An appreciation of the value of a ‘problem solving approach’ (34), was deemed to be the
main outcome in regard to the teachers' classroom practice. This change in approach was
linked to the activities and references to resources provided by Focus Teachers (23), while
another eleven reported gaining, and using successfully, classroom techniques such as
concept mapping, assessment strategies and tinkering tables. They felt that they had gained
from sharing ideas with other Phase 2 teachers (30), from the additional support provided by
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parents (22), from having the responsibility of ordering, gathering, storing and monitoring
science resources (20), and from developing in-service skills (11).

Outcomaes for the school (Phase 2 teachers and principals) Every response (N = 97)
made some reference to science and technology having a higher profile, or being seen as
more important or some similar phrase. The evidence for this ranged from school closure
days and staff mesting devoted to science and technology to prasentations of studsnts’ work
in assemblies, the allocation of a science room or a science budget. Many respondents
referred to all of these. Most responses included some reference to an improved resource
situation (68), with the purchase or collection of new resources (44), reorganisation of
resources (34) and increased use of resources (23), figuring prominently. The introduction of,
or increase to, a science budget (17) was also noted.

The dominant outcome regarding changes to the school curriculum was that more and
different science was being taught (40), with specific reference being made to
environmental /outdoor science (13), integration with other curriculum areas (12}, a student
centred approach being used (11), physical science topics included (10) and visits to
educational resource areas being undertaken (10).

Some or all of these outcomes were often seen also to be indicators of another outcome,
namely the Phase 2 teachers’ belief that there was an increase in the confidence of their
colleagues in teaching science (34). Fifteen of the respondents who expressed this belief,
linked it with a growth in these teachers ‘knowledge about science’, but it was riot always clene
whether they meant that this growth was in specific knowledge about scientific facts arn

principles, or whether it included the methods of scientific discovery, or even in some
instances knowledge about teaching science. Other respondents (11) who had not mentioned
an increase in ‘confidence’ among the other teachers, also expressed the belief that their
knowledge about science had increased.

Some of the outcomes for the school were less tangible but were seen to be of great
significance. Enhancement of the school's training and development program (24) and a
review of the school's science policy and three year plan (24) were mentioned. Clearly, these
tied in very closely with the ‘higher profile' for science and technology mentioned previously
as did new or enhanced participation in science-based events (28). These events included
displays of the results of students’ investigations in the school or elsewhere in the community
(17), Australian Science in Schools Week (12) and the Hills Science Fair (7). The higher
profile was not restricted to staff and students as 21 of the 22 Phase 2 teachers who had
stated that increased parental support was evident also noted an increased parental
awareness of the importance of science and technology curviculum.

Outcomes for students The comments from the Phase 2 teachers (N = 61) regarding what
they believed the students in their classes and other classes in the school had gained from
Sci-Tec were far more specific, personal and enthusiastic than those reflecting on other
outcomes e.g. "Both girls and boys are keen to tackle science tasks, never asking ‘what do |
have to do? or claiming 'l can't do it". This wilingness to discover for themselves is just
wonderful." 1t was also clear that teachers were better able to produce supporting evidence
regarding these outcomes. For example, 41 of the 61 reports make reference to the students’
enjoyment, interest or enthusiasm when participating in science and technology activities.
This claim was supported by observations that, they ask for more science and technology
lessons (21), they participate in these activities outside class time (20), they are keen to
participate in the special events (18), and that the girls participate far more eagerly than they
had done previously (12). Similarly supported were outcomes involving the development in
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the students’ problem solving skills (34) and group skills (1), and the view that the class as a
whole had developed a more co-operative approach to lsarning (11).

The claim that students began to accept greater responsibility for their own learning (17) was
supported by observations that they initiated their own activities based on toys or animals
brought from home (11), were more willing *o take risks (10), looked for new solutions to the
problems (10), and became more confident in tackling new or different tasks (9).

PHASE 3

The methods of data collection and analysis used in Phase 2 were repeated in Phase 3 with
minor variations.

Focus Teachers' Perceptions Focus Teachers reported that Phase 3 was a significant point
in the development of the project, because they now had greater familiarity with the type of
program they would be running, had broadened their knowledge of resources (which included
people, places and materials), had developed a range of in-service skills and strategies to use
in Phase 3 and had had the opportunity to reflect on and evaluate the workshop programs of
Phase 2. They also believed that they had developed more confidence in their interactions
with peers and principals.

Although certain aspects of Phase 3 were changed because of this learning experience, and
the fact that the needs of the Phase 3 teachers were different from those of the Phase 2
teachers, the essence of the modei was retained. There was a strong emphasis on a meeting
format which included an activity session, a sharing time and a planning time, there was stili
an emphasis on the development of networks which operated between the meeting times, and
there was still a commitment to a program based on participant decision making.

Phase 3 teachers: data collection .n Phase 3, 38% of principals (N = 40) and 58% of
teachers (N = 53) responded. Joint responses from the Phase 3 teachers were again treated
as a single response. They gave a wider range of responses than occurred in Phase 2, but
patterns could still be discerned.

The Phase 3 Teachers' views: outcomes for teachers (N=53) The Phase 3 teachers
clearly conveyed that they were motivated and enthused by the in-service program (31) using
terms such as supportive (8), valuable (7), practical (6), informative (5), relaxed (3},
challenging (2), stimulating (2). The importance of the sharing sessions during the meetings
(13), the establishment of networks across schools in the district and within their own schools
(9) were also seen as important features. Eight responses indicated that the teachers were
keen to have follow up sessions once Phase 3 had officially finished and eleven indicated that
the teachers believed the project should continue into Phase 4.

The Phase 3 teachers referred to their changed attitudes towards teaching science, referring
specifically to increased confidence (26), enthusiasm (5), interest (4) and enjoyment (3). In
terms of their teaching skills, every response cited at least one example of professional
development including increased awareness of the resources available (21), the value of
networking (19), the development of skills to in-service other teachers (18), an increased
awareness of the teaching methods involved (14), gaining of ideas for teaching science (9),
increased science knowledge (9) and reinforcement of their beliefs about how children iearn
best (9).

Outcomes for students (N = 53) Twenty one Phase 3 teachers stated that their students
displayed a greater interest, exctement and enthusiasm for science. Evidence which
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supported their views included - increased use of equipment, students requesting science,
students bringing things from nome and the development of scientific vocabulary. Other
outcomes included the students being actively involved in investigations (20), improved skills
in areas such as recording and researching (13), better skills in problem solving (8), the
developrnent of new science concepts (7), and increased confidence (4).

Outcomes for the Phase 3 schools (Teachers and principals) (N = 83) Sixteen of the
Phase 3 schools appointed key teachers in science/technology or science and technology.
ARlthough only six teachers specifically indicated that science had taken on a higher profile in
the school, 154 comments gave evidence which indicated that this was the case. Examples
included the purchase and reorganisation of resources (39), participation in ASISW and other
science related events (26), teachers meeting regularly to plan science activities (20), different
science being taught more often (19), an increase in community awareness via special science
days/evenings or displays in the community (15), an increase in the budget allocation (10),
and schoot science display areas established (7). A sample comment: "The main outcome is
that we now give science and technology a go. Instead of floundering around wondering
whern to begin, we now flounder around naving an exciting time and knowing where to get
ideas, information and resources."

WHAT ABOUT ME? PERSONAL OUTCOMES MOST VALUED BY FOCUS TEACHERS

The unwavering enthusiasm of the Focus Teachers sustained through three and a half years
was perhaps the most outstanding feature of this project. Why did they do it? In an attempt
to find out, we asked them to come to the final focus teacher conference armed with their
personal journals, and prepared to write about what they thought they had been enabled to
do by their participation in Sci-Tec. What they wrote provided such a rich compendium of
evaluative data that selection rather than summary is clearly the appropriate way to present it,
although the comments can be grouped under si:: headings.

Personal gains The comments from Focus Teachers highlighted personal gains from their
participation in Sci-Tec as much as they did professional gains. Increased confidence,
knowledge, teaching skills and higher status in the school have ranked very highly, but
underlying these comments there has been a perception which is difficult to make explicit but
nonetheless important to record. Perhaps this comment gets close to it: "The children have
become independent yet cooperative, prepared to take risks in their commitment to learning.
Even more importantly, | have too, and not just in science.”

Confidence and Self-Esteem [If we accept the view that self-esteem is based on what we
believe others think of us, then there is no doubt that the self-esteem of many focus teachers
has changed dramatically. One teacher commented: “The other teachers tell me that they feel
that there is plenty of support available which gives them confidence to try activity-based
investigations. They actually enjoy talking to each other, sharing successes and laughing
about failures as they look at trying another way. This has given me a new lease of life, a new
direction, a new interest, a new challenge.” Another realised "how other teachers were in need
of supportive, exciting professional development, and that they had lots to share too."

Skills Development When they were asked to consider whether participation in the project
had led to any changes in their ways of doing things, most of the Focus Teachers responded
along the lines of "Not only that, but | am doing different things.” When this response was
followed up later, a flood of ‘new skills’ appeared in the responses. The range of skills was
very impressive, and there was a remarkable consistency in terms of what could be termed
core skills. These included:




planning and programming

improved time management

resources management (purchasing, budgeting, monitoring, storage)
organising events (school, District, Area levels)

writing (newsletters, staff news, submissions)

policy development (not only in science)

evaluation methods (effectiveness of workshops, programs)

decision making

interpersonal skills {creating group cohesion)

running staff meetings, parent workshops, Phase 2 and 3 workshops, school closure
days.

* public relations skills (media, parents, Area)

* * % X 2 2 X X * 2

The skill which many seemed to be most pleased about was the skill of enabling-other
teachers to solve ciassroom problems, in particular the problems of fitting science and
technology into an already crowded curriculum, and that of involving their students in their
learning.

The teachers were thrilled at the way their classes had taken to science when they
used the Sci-Tec approach, but found that it sometimes confiicted with other areas
and also took a lot of class time because the children were so interested. Gradually
we learned together that we could use these methods in many other learning
disciplines and that we could assess their skills and knowledge development in many
areas simultanecusly. We didn’t solve the problem, it just went away.

Status Many people commented that they now believed parents, the principal and other
teachers treated them differently. Most linked this to their new skills, responsibilities,
achievements and prominence within the school and beyond, but others also claimed that it
was at least in part due to external factors such as Departmental backing for the project and
parents wanting more science and technology for their children e.g. *The bush telegraph
spread the word. | was invited by 'home teachers’ (ie mums) to spend the day on stations.
Before Sci-Tec they didn't know | existed, but like so many parents, they are now pillars of
support.”

There is no doubt that the Department-wide support for the project, especially via payment of
relieving teachers was seen by most teachers as the crucial element in their skill development,
enhanced status and ultimately the success of the project. The sincerity with which the Focus
Teachers wrote of their appreciation for this support, indicated the importance which they
attached to it. This response is typical:
When the project began | was starved of professional development, and was a pretty
tired teacher. I'd tried a few things in isolation but thevy were only semi-effective.
Suddenly (and | do mean very suddenly) | realised that things | had longed to do in
my class were educationally highly regarded. The energy released by the ‘big bang’
of the first Sci-Tec gathering produced an inner change. | felt valued as a resource
person because both the Department and the Area (0.2 release time) allocated time
for me to put into practice these ideas bubbling up inside. 1 had brushed up my
adult learning knowledge, and | had a practical/interesting barrow to push. Since
then | have become a self-treined, self-motivated, self-confident Sci-Tec facilitator.
People look forward to meetings | run, they share their knowledge and skills, and
they welcome me into their schools. | no longer feel | am ‘just a classroom teacher’
in a sea of others, | have a valuable network of colleagues through Phase 2 and 3
throughout city and country.
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Working with adults It is clear that Sci-Tec provided opportunities for teachers to interact
with adults in ways other than they had done previously. Reports of these interactions which
occurred both within and beyond the schoo! community, are often preceded by statements
such as "l knew that | communicated well with children, but | felt that | was, ‘just a teacher’
when interacting with other adults.® There are many reports of teachers using with adults the
listening, questioning, student enhancement and management skills which they had
developed in classrooms. Conversely, using adult learning principles in their classrooms, was
also a great success.
My dealings with parents have changed radically. The fact that | am learning along
with the teachers | am in-servicing has made me much more tolerant of what and
how quickly other adults learn. | now give clearer directions, explain my thinking,
listen to responses, ask parents what they want to do, accept a variety of views, and
make far more uss of their expert knowledge. My improved assertiveness assures
that this all contributes to (rather than shatters!) the learning environment in my
classroom.

Further career opportunities An essental ingredient in the success of Sci-Tec was the
stable school staff establishments. Where staff changes occurred, it often took a great deal of
the Project Coordinator's time to re-negotiate an efficient structure. Key teacher appointments
sometimes created problems with role definition, but over-riding all this were the career
opportunities the project offered. Promotions to principal, deputy, key teacher (in areas other
than science as well as in science), coordinator and project officer were won by various Focus
Teachers. Some of these promotions helped the project, others did not, but there is no doubt
that those who were promoted felt that participation in Sci-Tec had contributed to their
success.
The experience | had in running training and development, and the resources |
collected led me to value myself more. | won a key teacher job in Health Education
in 1990, and a Coordinator position 1992-3 in planning and design skills. | feel that
my involvement in Sci-Tec was a prime factor in building the knowledge, skiils and
experience necessary to win these positions.

A Phase 3 principal gave me a stunning reference about my effect on the school to
put in my I am wonderful” file to present at my Coordinator interview. Then the
principal of my school appeared and thanked me on behalf of all the Phase 2 and 3
principals, and broke out the champagne. The Phase 2 and 3 teachers presented
me with flowers and a wonderful certificate of appreciation. As you krow, | got the
Coordinator job.

FINDINGS

I found the project a great boost to my morale and confidence. This came from
being with the same supportive group of people over a period of time where we
worked and learned together and shared the problems and joys we experienced.

Sharing expertise There is no doubt that the vast majority of Sci-Tec teachers felt they
developed ther expertise and confidence in teaching science. This is not to say however that
each now feels fully confident or indeed expert in the area. For some it means that they now
teach science regularly, for some it means that they are able to assist others with their
technology programs and for some the methodology has become an integral part of their
teaching practice across the curricutum. The responses of Phase 2 and 3 teachers indicate
an incredibly broad range of outcomes related to professional and personal development. In
most projects this would be passed off as an unfortunate consequence of participants
entering the project with a divergence of skills, abilities and interests. In Sci-Tec it is
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celebrated as an indicator of having achieved the aim of each participant valuing the skills and
knowledge (s)he already has, and sharing these personal, idiosyncratically developed skills
with others.

Skill development Focus Teachers and Phase 2 and 3 teachers all reported an impressive
growth in skills not only personally but in the teachers with whom they worked. The
outstanding features of this were the clear, specific identification of these skills, and the many
examples given which showed that they were applying these skills outside the classroom.
These factors may be directly attributed to the emphasis placed on teachers identifying and
developing the skills which they believed they most needed in order to teach science and
technology more effectively. They knew what they were after, and they got it.

Shared ownership Even in the first week of Sci-Tec, all participants were expected to take
part in ‘setting the agenda’. Over 95% of inservice time (and money) was spent in schools,
with each school taking its turn to host the workshop and to co-ordinate the agenda items
sent in from the others schools. These meetings were held regularly and scheduled well in
advance. A consistent threefold structure was soon found to be mast effective, and was used
thereafter. Each workshop meeting censisted of:

* sharing information, resources, ideas etc
* a display of some things that had gone well (or badly)
* trying something new that teachers had requested.

A review of participants’ comments shows how closely teachers identified with the idea that
they were constructing the project rather than having it imposed on them. Focus Teachers
also reported that the fact that we returned to them all data we collected, and that we gave
them the unquestioned right of veto regarding the use and interpretation of the data,
enhanced their sense of shared ownership of the project.

Support Focus Teachers and Phase 2 and 3 teachers and principals all reported that
outcomes were directly linked to the support they received. Support from the Education
Department, their principal and the project team were essential, but vital support was aiso
received from Focus Teachers, Area Officers, colleagues, Phase 2 and 3 principals and
teachers. It was frequently acknowiedged that the greater the number of ‘levels’ offering
support the better everything seemed to go.

Of pariicular importance was the close support of a colleague acting as co-worker, confidant
and critical friend. The notion of having two Focus, Phase 2 and Phase 3 teachers in their
respective schools was particularly commended. Of similar importance was the insistence that
at least one of the two teachers must be a woman. Many teachers reported that reflecting the
gender balance in Years 5-7 classes immediately helped dispel the myth that only men can
provide expertise in science and technology. The fact that the project co-ordinator was a
woman heiped too!

Participants have recorded the growth of support networks within and between schools.
Sharing ideas and resources, reciprocal classroom visits, planning and teaching in teams
(often using cross-age and peer group tutoring), volunteering successful strategies, and
science/technology activity sessions in staff meetings, have revitalised many Sci-Tec schools.

Resources There was overwhelming agreement by all paricipants that access to resources
was the key factor in improving teaching and learning in science and technology in Sci-Tec
schools. They frequently commented that being aware of the range of resources (equipment,
print and other media, people, venues) that were available, and knowing how to get hold of
them, was a fundamental requirement for improvement.
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Many teachers also reported that once students had access to basic equipment, like magnets,
magnifying glasses, aquaria, batteries and bulbs, thermometers, screwdrivers and pliers, and
were encouraged o ‘use up’ consumable materials like paper, straws, pop sticks, masking
tape, nails and string, they became far more involved in the investigations they were
conducting. Teachers particularly valued the collaborative and independent learning skills
they saw developing in their classes, and noted the changes which this had brought about in
their teaching methods. One teacher reported: "I now understand what you mean by an
interactive approach to teaching”. Another said “the girls in my class think that if this is what
science is about, they'll be in it".

CONCLUSION

The Focus Teachers were asked to respond to the draft report of this evaluation as part of its
validation, They agreed unanimously that it encapsulated their reflections on the outcomes.
They also valued the opportunity to share other participants’ reflections.

Confidence and empowerment build slowly. It takes time to establish trust between
participants, for them to feel comfortabie with sharing personal insights, suggesting new ideas,
questioning traditional practices and values, and supporting each other in a sense of shared
ownership of the tasks and the outcomes. This personal empowerment leaps out from the
Focus Teachers' statements about the personal and professional outcomes for them. But
there is mors, for they also see themselves as empowering agents.

I now understand what depth and breadth of expertise in teaching science and
technology exists in every teacher and therefore in every school. | also understand
that | can help them to recognise, develop, value and share that expertise.
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STUDENT UNDERSTANDINGS OF NATURAL SELECTION
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ABSTRACT

This paper examines the continuation of a study investigating senior
secondary students’ understanding of concepts in biology. In this study,
year 11 student understandings of natural selection were examined by
questionnaire using different question formats. The SOLO taxonomy of
Biggs and Collis (1982) was used as the theoretical framework with which
the quality of student learning was assessed.

This paper puts forward the usefulness of the SOLQO taxonomy in assessing
student understanding in biolcgy in general and in examining student
understanding ¢f the concept of natural selection in particular. The paper
goes on to examine the implications of these results and raises issues which
have applicability to criterion-based assessment in secondary science

INTRODUCTION

Natural selection is an important concept in biology curricula. The possession of the
scientifically valid conception of the mechanism of natural selection and its role in the
characteristics exhibited by populations over time relies on the understanding and integration
of at least two subordinate processes. Students must realise that new characteristics or traits
arise through random changes in the genetic material of individuals in the population.
Secondly, they must understand that these traits will survive or increase in frequency in the
population or decrease in frequency and possibly disappear because of individuals’
reproductive success under the particular environmental conditions in which that population
lives.

Student understandings of the mechanism of natural selection have been investigated in
studies of student groups from 7th grade to university undergraduates (Brumby, 1984, Bishop
& Anderson, 1986; Lawson & Thompson, 1988). These studies have been designed to revea!
misconceptions held by the student groups under study. Research has shown that students
often have misconceptions or naive alternative conceptual frameworks about natural
phenomena, and the concept of natural selection is no exception in this regard.

The author is presently conducting a study of the use of the SOLO (Structure of the Observed
Learning Outcome) taxonomy of Biggs and Collis (1982) to examine students’ understandings
of some concepts basic to the study of senior secondary biology. Because the SOLO
Taxonomy has been proposed as a logical means of breaking down the general aims of
science education into specific classroom aims and activities and for providing a reliable
means of criterion based assessment (Collis & Biggs, 1989; Pallett & Rataj, 1992), it is
important to examine the taxonomy thoroughly in relation to science concepts. This paper
presents results of the latest part of this study. This is an examination of Year 11 students’
understanding of the mechanism of natural selection. The purpose of the study was to extend
results of the previous study (Creedy, 1992) into the senior secondary years and examine the
structure of these students' responses.




The SOLO Taxonomy

Learner responses can be classified objectively and systematically according to their structural
organisation using the SOLO taxonomy. This structure of response is a clue to the quality of
learning, a discrimination between well learned and poorly learned material, producing a
non-quantitative way of assessment that is as objective as possible. Though the model builds
upon Piaget's stages of developmient and "assumes a latent hierarchical and cumulative
cognitive dimension® (Romberg, Jurdak, Collis & Buchanan, 1982), it is fundamentally
different. The model proposes that within at least five modes of functioning, response
structure shows a cyclical pattern of five leveis: Prestructural, Unistructural, Multistructural,
Relational and Extended Abstract (Watson & Mulligan, 1980). Each level builds on or
subsumes the previous level.

The model makes a number of assumptions. A student’s responses should be able to be
classified into one of the levels. In any given topic area, a student will move progressively
through these levels exhibiting the characteristic responses of each level, and will progress
through the levels at a rate which reflects his/her growing experience, comprehension and
maturity in the subject. That is, success at one level will usually be preceded by success at all
the lower levels.

THE STUDY

This investigation was carried out by examining 20 Year 11 biology students. In the class
there were 12 girls and 8 boys. These students had recently completed a biology unit which
included the concept of natural selection. The students were given written questions and
asked to answer them in as complete a manner as was possible. Students were not given
guidance as to the structure of response required other than the instruction to give their ‘best’
answers. Three gquestions were used. Questions 1 and 3 were ‘open’ format questions,
standard essay question format in which students were asked to supply as much information
as possible. Question 2 was a sugeritem or ‘closed’ format question designed according to
the SOLO superitem format (Romberg et al., 1982; Cureton, 1965; Collis & Davey, 1986;
Wilson, 1989). Questions 2 and 3 had been used in a previous study examining student
understanding of three different biological concepts (Creedy, 1992). The results of this
previous study indicated that the quality of student answers was dependant to some extent on
the type of question asked. As a result, both types of question were included in this study.

Question 1:
How would you explain biological ‘natural selection’ to someone? This person has no
knowledge of natural selection, so your explanation must be as complete as you can make it.

Question 2:

Rabbits were introduced to Australia in Western Victoria in 1853 when Thomas Austin released
a consignment of rabbits on his property, Barwon Park Estate. He had bought the rabbits for
hunting purposes. After 3 years the rabbits had increased so much they became pests.
Austin's rabbits escaped his property and spread alarmingly when pant of the fence
surrounding the property was destroyed during a bushfire. Because of this and other releases
of rabbits, within 25 years from the time they were introduced, rabbits had spread over 3/4 of
Australia and were causing damage to grazing land.

Rabbits cause extensive damage to areas because they eat roots of plants in dry seasons
making it impossible for plants to regenerate and because they dig burrows. Many methods
of control were tried, but none had much impact on rabbit numbers. In good conditions, it
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takes only 3 years for one pair of rabbits to muliply to 13 million. Biological control was tried
in 1850. A few rabbits were injected with the myxoma virus (from South America) and then
released. This virus, deadly to rabbits, is spread by fleas and mosquitoes from live rabbits,
not from dead ones. By 1955, 90% of the rabbit population had died. 1 recent years,
however, two new developments have been noticed:

1 The rabbit population is increasing even though the virus is widespread.

2 The virus seems to be becoming less deadly, with 40% of infected rabbits commonly
surviving as opposed to the 1% survival rate observed when the rabbits were first
released.

. [Unistructural] Why were rabbits introduced to Australia?

. [Multistructural] How many years were there between the time rabbits were introduced
and a method of biological control was tried?

. [Relational] What change, if any, would you expect to see in rabbit numbers in the
future? Give as much information as you can.

. [Extended Abstract] Develop a general theory which would explain developments (1) and
(2). (Explain why you think (1) and (2) are happening.)

Question 3:

‘A mixed population, containing some dark brown and some white mice, lived in a granary
(grain storage depot). There was very little light in the building and the mice were causing so
much damage that cats were introduced as a control measure. After many generations, the
mouse population was much smaller and all the mice were dark brc ~n.’

Explain, nroviding as much detail as possible, why these changes in the mouse popul tion
occurred.

Criteria for superitem format

The questions in the closed format are structured to relate to the unistructural, multistructural,
relational, extended abstract hierarchy by using criteria which fit the following summary
specifications:

‘unistructural (U): The question is designed to show that the respondent has sufficient grasp
of the material to sefect the correct response from the information given.

'multistructural (M): the question would require the respondent to perform two or more
separate operations in sequence on the information available. Each operation required
should be seen as a closure and the process is often analogous to following a recipe.

Yelational (R): the question would be designed to require the respondent to find an
underlying principle or relationship which enables integration of the relevant information
contained in the stem.

'extended abstract (EA): the question should require the respondent, either implicitly or
explicitly, to go outside the given information to formulate an hypothesis or call up
abstract conceptualisations and possible relationships that are then tested against, or
used with, the information in the stem to formulate a comprehensive response.

Scoring

The students’ responses were judged on correctness and ‘fit' into one of the SOLO levels.
The type of misconceptions were also noted but wili not be dealt with in this paper. Answers
to superitem questions and to open format questions were scored according to their structure:
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they were assigned to SOLO levels according to the criteria outlined above. Student
responses to open format questions {1 and 3) and superitem question D (which is an open
format question itself) are summarised in Table 1,

Question 1: Explain biological natural selection. Open-format.

There were three questions which were classified as ‘Prestructural’, or unable to be coded,
either because th2 student did not answer the question or because the answer given was
characterised by denial, tautology (not rote learning but simple restatement of the question)
and transduction (a stab in the dark based on guess, emotion or perception) (Biggs & Collis
1982):

Natural selsction is when animals or organism reproduce without having any human or any
other animal interaction with these organism. So (animals) >organism pick themself [sic]
who they want to reproduce with this is called natural selection.”

There was one typically ‘Unistructural’ answer. This structure occurs when the subject relates
one piece of relevant information to a conclusion. The student closes rapidly on a categorical
judgment (Biggs & Collis 1982):

1 would say that natural selection means...the population may alter to adapt to the
environment.

Most students’ answers were typical of the ‘Muttistructural’ SOLO level In this form of
response, the student supplies several pieces of information all of which are relevant. The
student attends to several relevant points but has failed to integrate them in order to explain
what is happening, leading to piecemeai, conflicting and inconsistent judgments (Biggs &

Collis 1982). “iudents typically responded by giving one or more examples of natural
selection, relati. ' a series of conditions and consequences in step-by-step fashion without
presenting r ~  Jrated explanation:

In natural selection there may be two types of the one species e.g. fast dogs and slow
dogs. If the dogs have to catch fast animals then usually the faster dogs survive and the
slower ones die. Or if there are white mice and dark mice in a shed with cats with no
lights the dark ones are more likely to survive.

Two students presented 'Relational’ answers. Relational structures show an integration of
relevant pieces of information to give a coherent explanation and an overall concept (Biggs &
Collis 1982). These students could identify a process in which environmental conditions
allowed some organisms to have a reproductive 2 rantage over other organisms:

...occurs when the environment seledts [sic] an advantage. The organism does not
change to suit the environment but the variation is already present in some
organisms...[suitable example given and explained]..In Natural Selection, those
organisms with an advantage Survive & pass on their advantage to their offspring. Those
organisms without and {sic] advantage will find it harder to survive & will probably die.

No answers were deemed to exemplify the ‘Extended Abstract’ level. This theoretically
oriented response would include the integration of all relevant pieces of information from the
data presented and an 'extension’ of the response to integrate relevant information not
presented in the stimulus such as examples and analogies. A student presenting this level of
response is able to generate his/her own rules to cover all cases, including hypothetical ones,
and to introduce abstract principles which are not given directly in the data, deduce from
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those principles that certain events may or may not follow, and test this deduction against the
data (Biggs & Collis 1982).

Question: Mice in the Granary. Open-format.

One student presented a Unistructural answer, fixing attention on one physical factor, light.

This particular student aid not answer Question 1 and only answered parts A and B of
Question 2:

These changes in the mouse population occurred as the physical factor such as light,
according to Darwin's law, things can be affected by physical factors.

Most students answered this question at the Multistructural level, again listing 2 number of
conditions and consequences and failing to draw conclusions and generalise:

..The white mice were more easily seen be [sic] the cats so they become the easiest
prey. The brown mice also were killed but not in the same numbers because they were
camouflauged [sic] and could easily hide.

Six students presented ‘Re'ational’ answers to this question;, again these students could
identify a process in which environmental conditions allowed some organisms to have a
reproductive advantage over other organisms. Four of these students had answered Question
1 at the Multistructural level. The students had seen this question in their unit studies (it is a

modified past HSC question) and it would be expected that students should be able to
provide a higher level answer:

This is a specific example of Natural Selection with mice being prey and cats the
preditors...reason behind the population being smaller and dark brown..these
characteristics...had an advantage...darker mice were harder to see..less brown mice
would have been killed by the cats...more white mice were killed leaving less to produce
white mice s [sic] their offspring...with passing of generations this cycle would thus led to
less and less numbers of white mice and a greater number of brown mice..."

...The environment selected that the dark brown mice had an advantage...The darker mice
survived to pass on to their advantage (which was their colour) to their offspring.

..The dark colored mice become the dominate [sic] colour because, their dark colar [sic]
was there [sic] survival characteristic and so they reproduced passing on the dark

colouring and slowly taking over the white mice population as they were been [sic] eaten
or killed more frequently.

No answers were scorea at the Extended Abstract level.

Question 2: Myxomatosis. Closed- or Superitem-format.
All students answered Part A (Unistructural) at the Unistructural level:

They were introduced for hunting purposes.

Part B (Multistructural) yielded mixed results. The question requires students to perform a
sequence of steps concentrating on information in different parns of the stem. While all
students recognised that this process was required and provided a single figure answer, 6
students were unable to arrive at the correct figure.
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One student did not answer Part C (Relational), and two students provided typical
Unistructural answers:

| would expect the rabbit population to grow as the resistant rabbits keep on breeding.
Most students provided Muttistructural answaers to this part of Question 2

Part D (Extended Abstract) was most like an open-format question. Three students did not
answer this question; their ‘responses’ were therefore Prestructural. There wers no
Unistructural answers, and only two Relational answers were recorded. Fifteen students
responded with Multistructural answers, usually repeating the sequence of conditions and
consequences presented in the stem.

TABLE 1
NUMBER OF STUDENT RESPONSES IN EACH SOLO CATEGORY
(OPEN' FORMAT QUESTIONS)

SOLO Level
Question Prestructural Unistructural Muttistructural Relational
1 3 1 14 2*
3 0 1 13 6*
2D 3 0 15 2*

* The same two students produced Relational responses for each question.

Table 1 clearly demonstrates that most students have answered Questions 1, 3 and 2D using
a Multistructural level of structure. No questions were scored in the Extended Abstract ievel.

Response Patterns in Question 2 (Superitem)

The superitem itsalf consists of a ‘stimulus’ which may include figures, tables or text (also
called the 'stem’) and a series of questions based on this stimulus material. Each question is
linked in order to either the Unistructural (E), Muiltistructural (M), Relational (R} or Extended
Abstract (EA) levels of the SOLO hierarchy. In this way, students were required to think about
and . 2 the given information in an increasingly more sophisticated way in order to obtain a
correct result. The pattern of response will reflect the *level of concept development achieved®
(Wilson, 1989). If students answer each question correctly at the level required, the response
pattern of their answers should be U M R EA. Other patterns are possible. Students who
have reached the limits of their knowledge or skills (or indeed motivation) in a particular topic
area under these conditions, will present responses which are limited by this ability. A student
may, in fact, fall back to an even lower level response structure. The response patterns of
students in the study group and the numbers of students showing each response pattern
appear in Table 2.

(]
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TABLE 2
STRUCTURE OF ITEM ANSWERS WITHIN THE SUPERITEM

Response Pattern Number of Responses
QUESTION2

UmMPP* 1

UMUM 2

UMMP 2

UMMM 13

UMMR 1

UMRR 1

*P = Prestructural response

It is apparent from an examination of the response patterns in the superitem that all students
can answer items to at least the Multistructural level, For all but two of these students, this is
the greatest level of response reached in this superitem. Two students were able to extend
their answers tec the Relational ievel.

DISCUSSION

The resuits of this study demonstrated that the responses of students in this group to the
questions could be classified according to their SOLO level in the concrete symbolic mode.
Additionally, the results of the previous study (Creedy, 1992) were substantiated; the superitem
did not appear to elicit responses of a higher SOLQ level than the open-format questions.

It was disappointing that most of the group under study could not produce responses which
satisfy at least the Relational level criteria, and none of the students were able to recognise
more than one process involved in the questions; the idea that there must be random gensetic
changes taking place in individuals is ignored. The ability to deal with more than one process
may represent a second ‘cycle’ in the concrete symbolic mode; that is a student may progress
from being able to discuss the workings of one process to the ability to discuss more than
one process (a superorder Multistructural level). Research into student understanding of
concepts related to evaporation has suggested that there exists more than one cycle in the
concrete symbolic mode (Levins, 1892). In any case, the questions asked did not elicit
responses which dealt with more than one process. Only one of the questions asked
students to predict an outcome based on available information. It may be that questions
asking students to respond only to the question at hand may prompt lower level answers.
The use of questions requiring students to predict outcomes will be the object of future study.

The SOLO Taxonomy has been proposed as a tool in curriculum development (Stanbridge
1890), for developing specific classroom aims and activities and for providing a reliable means
of criterion based assessment (Collis & Biggs, 1989; Pallett & Rataj, 1992). As the use of the
SOLO taxonomy requires students to respond to particular questions, it is essential that the
effect of question type on student response be known.
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ABSTRACT

This is a descriptive account of the development of a hypertext computer
program to enhance the scientific writing skills of upper secondary physics
students. The program facilitates the integration of concept mapping,
inferential reading, student-teacher dialogus, models of writing in the
scientific register and the clear display of assessment criteria. This was
achieved by the design and use of a program calied ‘'HyperCardPhysics'
(HCP) for Apple-Macintosh: computers. It has been tried out in a number of
schools in South Austrafia with positive results.

INTRODUCTION

Eight computer-based modules for Year 11 physics have been developed as part of a larger
project called 'Scientific Literacy Development Plan’ (SLDP), using the HypearCard software
package for Macintosh™ computers. Each module of 12 lessons is called HyperCardPhysics
(HCP) with its topic name, for example ‘HCPelectricity’, and is supporied by a Teacher's
Manual and a lesson pack of overhead transparencies. The SLDP project is investigating the
practicality and effectiveness of integrating a computer-aided technique of writing, such as the
HCP, into the general teaching cf the concepts in a number of topics in a senior secondary
physics course.

The need for this project arose from the requirement of the Senior Secondary Assessment
Board of South Australia (SSABSA)} that Year 11 students demonstrate literacy skills through
writing. Previous repors had indicated that there was inadequ~ ~ skill in this regard (Gilding,
1988, 1989). Also, analysis of Year 12 physics examination resuits over the last five years has
indicated poor performance in extended writing answers.

Current understar ding of the writing process sees it as a socio-culturali practice and is
inseparable from the discourse in which it takes place. There is no clear pedagogical method
favoured for its development; Gilbert (1991) provides a critique of the various strands of
research into writing as social practice. One pedagogical method is the explicit teaching of
genres in various subject areas, (Rothery, 1989; Derewianka, 1990; Hardy & Klarwein, 1990;
Martin, 1990). The computer-aided writing tool, HCP, described here uses the genre approach
tc writing.

The advocates of a genre approach to scientific writing, such as Martin (1985) and Lemke
(1990) believe that a genre structure assists students in developing a language register of
science. The genres of factual writing generally advocated are: recount, repor, procedure,
explanation, exposition and discursive argument. All of these genres of scientific writing can
be used to satisfy the requirements of the Wiiting Based Literacy Assessment (SSABSA, 1992)
in science. However the explanation genre is the major form of essay required for the Year 12
physics examination. The explanation genre requires the integration of language acquisition
and concept development and represents a transition from a ‘knowledge-telling’ approach to a
‘knowledge-transforming’ as described by Bersiter and Scardamalia (1987). This implies the
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use of cognitive strategies such as those used in problem solving and relies on a certain
amount of structuring of mental representation.

THE PROCESS OF PROGRAM DEVELOPMENT

Using HyperCard for scientific writing

Hartley (1990) describes three levels of computer-aided writing: first, word processing for
deletions, substitutions and rearrangements; second, post-writing editing for spelling, grammar
and writing style checks; third, interactive routines that assist throughout the composing
process such as planning, organising and linking. Development of these programs, according
to Hartley (1993), is in its infancy but preliminary results indicate that significant change to
cognitive writing strategies occurs only at this third level of computer assistance. The HCP
attempts to meet the third level requirements. The methodology of interactive routines is called
a hypertext methodology in this computer application.

The hypertext methodology, the non-linear finking of units of information (Collier, 1989), is one
way of providing assistance with planning, organising and linking throughout the composition
process. This has been used by Neuwirth, Kaufer, Chimera, and Gillespie (1989) in an
applicaton called ‘NOTES’. Another application is the program ‘Writing Environment’ (WE)
deveioped by Smith, Weiss, and Ferguson (1989). The purpose of developing the HCP
reported here, was to construct modules that would integrate concept mapping, reading texts,
modelling of writing genres, and word processing of essays within specific physics moduias.

The HyperCard software package was chosen for the following reasons: first, the Macintosh
environment is well known to be user-friendly; second, it is available to all users of Macintosh
machines as it comes free with every machine purchased; third, the use of Macintosh
machines is increasing in secondary schools. HyperCard aflows considerable choice in the
creation of non-linear ways of linking of information. The routes taken by the individual users
are called the navigaticn pathways. For ease of navigation, new ‘menus’ were created and
existing ones such as ‘file’ and ‘edit’ were modified. Besides the hypertext navigation facilities,
HyperCard also includes text creation and graphics tools which are required for concept
mapping. The integration of these facilities make HyperCard a useful hypertext application for
the development of moduies in physics for scientific writing.

The HyperCardPhysics modules (HCP)

The sight modules developed for the Year 11 physics course in South Australia, are shown in
Fig. 1. Within each module, students navigate their own pathways through concept mapping
and the units of reading texts, units of writing models and the typing/editing sections.

{_radiation {_ heat

(Crmageeics” 73 (Tmams )

Fig. 1 HyperCardPhysics (HCP) modules
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The program output for the student is the construction of a concept map, and the
composition of extended prose in the form of either an explanation or exposition essay as a
word processed document. The components of the HCP are designed to enable students to
progress through several activities at their own pace and according to their own pathways.
The choice of pathway is presented to the user as indicated in Fig. 2.

E:i”“ \ Click on this return button whenever [D

youwant to come back 10 this card
To leamn concepl mapping

CLICKHERE ~ (_xgnhee ]

To skip over to reading
CLICK HERE { reading texts )
To skip over to concept map
CLICKHERE ~ (essayconmap )
To ' «ip tc writing models
CLICK HERE fwrllmg models ]
To skip over to typing essay :
CLICKHERE ~ \.cssay yping ]

{To QUIT select under FILE ) continue Fﬂ

Fig. 2 Pathways to module_activities

The components of a HyperCardPhysics module

HCP concept mepping A typical HCP module provides a list of concept labels as menu
items which can be selected, arranged and continuously re-arranged during the construction
of the essay concept map. The 'line’ tool and ‘erase’ tool are easily accessed under a menu
called ‘mapping’ which enables the user to make links between the concept labeils and to
increase the complexity of the structure with cross iinks to related concepts. Under the menus
‘list of concepts’ and ‘list of relational statements’, the students can make appropriate
selections. Under the menus ‘new concept’ and ‘new relational statement’ they can create their
own concepts and relational statements for incorporation into the concept map.

The introducto-y section progressively teaches the skills of creating a concept map, while the
‘essay concept map' section is dedicated to the concept map for the chosen essay topic.
There is provision for students to make numerous concept maps in the same module.

HCP writing models The HCP module provides a number of writing models that illustrate
concept selection, genre selection and language register selection. The focus in this project is
on the explanation and exposition genres of scientific writing. These two genres allow for
knowledge-transforming skills(Bereiter & Scardamalia, 1987) such as clarifying meanings,
discovering implications, establishing connections to prior knowledge, and finding
inconsistencies, throughout the composing process. An assessment scheme for grading
essays in the explanation genre was developed from the SOLO taxonomy of Biggs and Collis
(1982) and is reported elsewhere (Cronin, Brown & Pollard, 1893). The assessment scheme is
included with each of the writing models.

The HCP module provides definitions in a particular physics topic for the concepts listed and
these definitions can be readily accessed from any part of the program. Ths module also
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provides verb phrases, sentence connectives and word analogues for scientific equations that
can be assembled on the concept map as relational statements between concepts. These can
be later utilised in the composition of the essay.

HCP reading texts The HCP modules provide a number of examples of journalistic and
other types of articles which present current scientific applications in each of the physics
topics. The use of the HyperCard software tools enables the user to select one or more of the
concept terms which are then automatically transferred to the concept map. Inferential reading
skills are developed as readers construct relational statements on the concept map to iink the
newly acquired concepts to prior knowledge. Critical and evaluative comprehension is
encouraged in the writing of exposition and discursive argument genre essays according to
the knowiedge-transforming techniques.

HCP student-teacher dialogue During the HCP lessons there is much opportunity for
student-teacher dialogue, a necessary component in the development of scientific literacy. The
effectiveness of dialogue in assisting students to speak confidently in the language register of
science has been well researched (Lemke, 1990). The period in which the concept mapping
activity takes place is particularly appropriate for dialogus.

HCP word processing The principal limitation of the HyperCard software, is that it offers only
very limited text editing facilities. There are elementary word processing facilities but no
syntactic or semantic guides, such as checkers and document statistics. Therefore a facility
within HCP modules for spell checking in specific physics topics, and grammar checking for
specific difficulties that have so far been identified, is currently being developed. It is
anticipated that these post-writing text editing facilities will enable students to improve their use
of scientific language. The text editing will be by prompt only, so that students do not lose
control of, or the responsibility for their own text composition.

HCP navigation Each module provides a navigation facility so that students can proceed
from the initial concept maps in a number of ways: step by step, backtrack, jump to different
sections, go to the start, go to the end or quit at any point in the program. Choice of print
style, font and selected text is provided in a modified ‘edit’ menu while printing of concept
maps or essays is accessed within a modified ‘file' menu.

Teacher's Manual

The process of development also included the provision of a supporting Teacher's Manual
which gives advice to the teacher at each stage of the HCP activities. The manual also
provides instructions to teachers for accessing the read-only sections of the program in order
10 add, delete or alter any sections of the program. The associated lesson pack of overhead
transparencies is provided to assist with the teaching of writing techniques, physics concepts,
and the use of HCP modules.

TRIALS OF THE HCP PROGRAM

Three cycles

The development of HCP took place in three cycles, each consisting of program development
and refinement followed by trials in schools. The program and its capabilities were
progressively refined to increase effectiveness and user-friendliness as procedural problems
were identified and addressed. The groups were selected from South Australian metropolitan
high schools with students from similar low to middle socio-economic backgrounds.
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First trial The trial was conducted over a period of two weeks. The resuits from three trial
groups (58 students) were compared with the results from three control groups (58 students)
who continued with the regular instruction in the same physics topic. The aim was to
investigate change in writing performance before and after the two week trial.

Second trial The trial was conducted over a period of one semester (20 weeks) with six new
trial groups (129 students) and three new control groups (52 students) from similar
backgrounds to investigate differences in writing performance after successive uses of HCP,
As well, a tenth trial group of students with special needs (non-English speaking ‘new arrivals’)
«'ad the program to investigate its suitability for physics students for whom English was a
second language.

Third trial This trial is being conducted over a period of two semesters (40 weeks) with eight
new trial groups (188 students) and five new control groups (113 students). The long term
change in writing in the explanation genre essays is being investigated. At least four pieces of
writing over fwo semesters are being collected in a variety of topics within the physics course
over the year. The results of the trial groups will be compared with the control groups.
Feedback after each writing activity is being given to both trial and control students.

RESULTS
Results after the first trial

Writing task In the first trial period, one of the three trial groups and one of the three control
groups wers set the same writing task in ‘electricity’ at the beginning of the trial and then a
similar writing task at the end of the trial. Two other trial groups and two other control groups
were set the same writing task in ‘magnetics’ at the beginning of the trial and then a similar
writing task at the end of the trial.

The resulting essays were scored with a first version of the specially prepared assessment
criteria for the scientific explanation genre (Cronin et al., 1993) in which the maximum score
was 10. Dependent t-tests indicated a significant improvement in mean scores (p < .001) for
both the trial groups and the control groups. However, as shown in Table 1, the improverment
in the trial groups was significantly greater than that of the control groups (independent t-test,
p <.001). Examination of the essays indicated that the improvements were in the use of
scientific concepts within sentence and paragraph structures and in the logical explanation of
these concepts.

TABLE 1
WRITING IN SCIENCE
TRIAL GROUPS C( .TROL GROUPS GROUP
DIFFERENCE
Groups Mecan Mecan Mcan  Groups Mcan Mean Mean Difference
score  score  differ- scorc  score differ- ingroup
before after _ encc before  after  _ence  mcans
clectricity
n=15 5.80 860 2.80* n=16 5.8l 6.31 0.50* 2.30*
magnetics

n=43 5.28 778 2.50* n=33 557 588 0.33* 2.17*
(*p <.001)
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Topic knowledge To ensure that the improvement in writing of the trial groups was not at the
expense of knowledge about the topic, a test in physics knowledge on the topic was
administered to each of the trial and control groups. The topic knowledge tests in ‘electricity’
and ‘magnetics’ were taken from Hewitt (1887) and each had a maximum score of 15. Table 2
shows that the scores of the trial groups were comparable with the scores of the control
groups which had spent all the lesson time on regular instruction. The results show that the
substantial impravement in scientific writing was gained without jeopardising knowledge and
understanding of physics as measured by these tests.

TABLE 2
SCIENCE TOPIC KNOWLEDGE

TRIAL GROUPS CONTROL GROUPS GROUP
DIFFERENCE
Group Mean Group Mean Difference
test score lest score in means
clectricity
n=16 11.33 n=20 11.24 0.09*
magnetics
n=43 11.25 n=31 11.45 0.20*
*p> .05

fmprovements to HCP after the first trial An important outcome of each trial was the
feedback from students and teachers about the use of the HCP modules. There were some
initial problems experienced were with the non-repeatability of concept ‘buttons’ and limited
movability of them on concept maps. Navigation pathways also needed improvement to
enable students to move easily between the various sections of the program. There were
some problems also with some keyboard strokes which led to the deletion of text. The ‘help’
messages on screen were re-designed to assist students with these problems. There were
also some problems associated with the different types of networks that are run at various
schools, for example ‘userlevel’ of HyperCard was set differently on various networks. These
and other problems were eliminated by ‘scripting' the program requirements into each HCP
module.

Results of the second trial

The focus of the second trial was on the perceived value of using the program within a normal
semester teaching schedule. Qualitative data were collected rather than quantitative data as
non-comparable writing tasks were set by each teacher. This was done by using ‘post-HCP’
survey forms for teachers and students which were administered at the end of the semester.
Additional data were collected from audio-taped interviews with individual students and
conversations with teachers. This led to descriptive measures of the effectiveness of the HCP
and the results are shown in Tables 3 and 4. The results of these data collections led to
further improvements in the HCP.

The post-HCP student survey The post-HCP student survey responses were coliected from
113 of a possible 128 students. When asked about enjoyment of the HCP module, the
responses indicated that 89% of the students said they enjoyed working with the HCP
program for reasons given as: "educational®, "different”, “fun®, "using computers®, °| didn't have
to work®. The 11% of students who said they did not enjoy the program gave reasons such
as: "waste of time*, *didn't understand®, "don't like writing®, "boring®. The overall enjoyment
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exprassed by the students is one aspect of the success of the program. Other aspects of the
effectiveness of the program were assessed with question on a five point response format and
the results are illustrated in Table 3.

From the results in Table 3 and from the responses about enjoyment, it can be concluded that
students liked the HCP and think that it improved their understanding of physics and writing in
physics. Most students said they would use the techniques again, particularly computer-aided
concept mapping if they were given the opportunity.

TABLE 3
STUDENT RESPONSES TO THE POST HCP SURVEY

Student responses about no little some much great
the value of HCP for: help (%) help (%) help (%)  help (%) help (%)
(n=113)

understanding physics 2 15 45 25 13
writing in physics 10 15 34 26 15

using reading texts 5 25 32 32 6

using model cssays 8 25 36 26 5
MEAN (%) 6.25 20.00 26.75 27.25 9.75

Post-HCP teacher survey The seven teachers who were involved in the second trial period
indicated their opinions about the effectiveness of the components of HCP shown in Table 4,
Six of the seven indicated they would use the HCP program again if given the opportunity.
The seventh stated that it took too much time from normal teaching. Of the six teachers, four
continued into the third trial period with new class groups while two were unable to take part
in the third trial because of redundancy for one teacher and transference from physics for the
other teacher.

TABLE 4
TEACHER RESPONSES TO THE POST HCP SURVEY

Teacher responses no linle some much great
about the value of : help help help help help
(n=7) n, (%) n. (%) n, (%) n, (%) n, (%)
concept mapping 6 (86) 1(14)
reading lexls - 4(57 3(43)
model cssays 1 (14) 2 (29) 3(43) 1(14)
leaming Physics 4 (57 3(43)
MEAN (%) 3.50 35.75 53.75 7.00

Post-HCP student interviews Another method of assessing the effectiveness of the program
was by interviewing a number of students. The interviews were conducted some weeks after
the conclusion of the second trial period. A number of student interviews were taped and
transcripts made. The interview data revealed that students generally found HCP to be of
assistance and contributed to their improvernent in writing achievement in physics. Some
students stated that they achieved their highest-ever mark for an essay. The interview data
indicated that students liked the following features of the program:
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the integration of physics concepts into writing techniques;

the technique of concept mapping for structuring the writing task;
the list of concept words, and the ‘new concept’ provision to enable the correct
physics words to be used;

the facility {‘new concept’, ‘new relationship’) to incorporate own jdeas into the
concept map;

the informative and motivational reading texts;

the word processing that gives flexibility for rearranging text;

the user-friendliness of the program (modified menus).

Further refinements to HCP In response to users' comments and observations made during
the second trial several modifications were made to the HCP program. Provision of display
boxes was made for definitions of the various concepts with the facility for students to return
to these whenever required. Further use of 'return buttons’ also increased the multiple
pathways facility for students. The ‘text style’ options were added to the modified ‘edit’ menu
for improved presentation.

Some of the problems expressed by teachers related to the meaning and use of genres in
scientific writing and the requirements of each genre. This led to further discussion and
refinement of the assessment criteria for the explanation genre. Clear indicators of language
usage and concept development within three assessment grades were developed and
included in HCP modules and the Teacher's Manual.

The Teacher's Manual was also upgraded and a ‘trouble shooting’ section was included to
assist the teacher using HyperCard for the first time. An ‘advanced teacher’ section was also
added to allow teachers to modify the program to suit their own needs, for example, the
addition of new reading texts, writing models and new definitions

Results of the third trial

Essays As each of the pieces of writing is being completed in both trial and control groups,
it is graded according the assessment criteria for explanation genre, and individual feedback
is being given to the students. Already it is clear that as the students become more familiar
with the program, they focus more quickly on the task. Consequently it has been possible to
reduce class time for the writing exercise. After repeated use of the program, students can
generally develop a concept map in one lesson and type/edit an essay in a further one or two
lessons, thus reducing the pressure on teachers’ course schedules.

Pathways analysis The pathways analysis is being used to investigate the cognitive
processes used by students during the writing process of explanation essays. Preliminary
analysis of students’ navigation pathways indicate great variety. The complexity of pathways
seems to bear a direct relation to the quality of concept maps and essays. Further analysis of
the structure of student essays may indicate preferred writing styles. The structure of concept
maps also may shed light on the cognitive processes that are used in the knowledge-
transforming model for the integration of language acquisition and concept development.

CONCLUSION

The HCP program of physics modules developed and tested in this study is based on a
hypertext methodology for the writing of scientific explanation genre essays. Results of the first
trial suggest that the program brings about an improved writing performance and the results
of the second trial found that students and teachers enjoyed using the program and found it
helpful for integrating language acquisition and concept development in the writing exercises.
Results of the third trial are being used for further analysis of cognitive writing styles.
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“THE APPROACHING STORM.® IDEOLOGY POWER AND CONTROL: THE NATIONAL
SCIENCE TEACHERS ASSOCIATION CURRICULUM DEVELOPMENT IN THE USA

Roger T. Cross & Ronald F. Price
La Trobe University

ABSTRACT

This papsar examines the ideology of one the best known figures in science
education in the USA, and draws attention to the relationship between the
political climate and curriculum in national curriculum developments. We
are mindful of the forces shaping the schooling of science in Australia, and
we present this analysis as an example of the sacial forces that dominate
education both here and overseas. Paramount is our dssire to open the
door for a socially responsiole Australian school science experience.

PREAMBLE

We applaud the efforts of many of our American colleagues in their important
and necessary task of revitalizing science education in America. We would argue that from an
Australian perspective it is important to understand the processes that result in the production
of new curricula, both at home and overseas. With respect to importing curricula we suspect
that too often in the past, the information we present here about the National Science
Teachers Association's (NSTA) curriculum project, and the issues we argue for, have been
absent. Our concern is wholly for Australian science education, that it should promote those
ideals that commit Australians to understanding science as a part of society. We seek to
promote democratic participation in society and this includes being reflectively critical of its
institutions and practices, including science.

For Australia the significance of an examination of an American science curriculum
development, ligs in part in the answer to the question ‘why do curriculum developments from
overseas, especially from America, seem so alluring? To understand this phenomenon a fult
examination of the political and cultural relations of Australia would be required, and these can
only be alluded to here. Qur aim i3 on the one hand to demonstrate the political influsnce of
a particularly power player in the struggle for curriculum reform in the USA, and on the other
to indicate the potential educational consequences of that influence. We hope that this study
will encourage curriculum developers and researchers to take a more reflective and critical
approach towards the underpinning ideologies of curricula from wherever they originate.

INTRODUCTION

Increasingly in this century American culture has come to dominate the English speaking
world. Firstly the other English speaking nations and latterly nations as diverse as China and
Russia, have come under the direct socializing influence of American culture. In many subtle
ways we have increasingly come under the influence of American culture, through film and
television for example. The internationalisation of business, too, has had a considerable
impact in tuning-in other cultures towards things American.

The extent to which this internationalisation might be responsible for the changes in Australian
science education since World War Il is worthy of debate. Suffice to say that, curriculum
developments in America do appear to have been influential. It could be argued that without
these influences, science education in Australia would be much the poorer, and certainly less
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vibrant and dynamic. On the other hand, raising questions about our national identity is
timely, and in the context of education, instructive. In the context of the future of Australian
education what is important is a recognition and an acknowledgement of the influences which
help stimulate change these include: an understanding of the power relations, and the
ideologies underlying curriculum developments. For it is at the level of ideology that the
purpose of the schooling of science will be determined: what is to be taught in our
classrooms, how it is to be taught, and in whose interests. Qur apparent failure to subject
past curriculum and teaching innovations to close scrutiny demonstrates a naivety and
ignorance of underlying motivations of the processes of schooling in society. In the case of
the influence of American science education this failure demonstrates an international aspect
of cultural and social reproduction (Bourdieu & Passeron, 1977).

Science curricula are indebted to the reproductive ideologies of their developers and
promoters, and are controlled by the dominant social ideology of the time. Science curricula
are also subject to the imperatives of the institution of science; indeed they are often
controlled by elite groups of scientists. An examination of the social ralations from which
innovations arise reveals much about power and control in schooling, and about society
generally. In America today the struggle both within the Scope, Sequence and_Coordination
of Secondary School Science (SS&C) project, and between it and Project 2061: Science For
all Americans (American Association for the Advancement of Science, 1989) is intense. The
former is promoted by the National Science Teachers Association (NSTA). and the latter is a
long term project of the American Association for the Advancement of Science (AAAS). The
primary focus of this paper is SS&C because its public profile and shorter time span ensures
an immediacy of effect. The aims of SS&C are spelt out in the name:

Scope: A coherent science curriculum should span all six or seven secondary
school years and involve all students.

Sequence: (A)ppropriate sequencing of instruction, taking into account how students
learn.

Coordination: Coordination among ... {the science) disciplines leads students to an
awareness of the interdependence of the sciences and their place in the wider body
of human knowledge. (NSTA, 1992, p. 15)

The project's avowed aim is to dismantle the unwieldy U.S. ‘layer cake’ secondary school
curniculum (NSTA, 1992, p. 14). Typically "students study biology in the ninth or tenth grade,
then chemistry the foliowing year, and finish off with physics in the twelfth grade® with earth
science sandwiched in between (NSTA, 1992, p. 14). This is to be replaced by a study of
every science discipline avery year. In 1989 Aldridge proposed a model in which biology,
chemistry, earth science and physics would all be taught for each of the secondary schoot
grades. Following a simplified Piagetian scheme the emphasis would change from descriptive
phenomenological, through empirical semi-quantitative to theoretical abstract (Crow &
Aldridge, undated). There is much discussion in the SS&C publications abeout the spiral
approach to the curriculum, whereby students will revisit concepts over a period of years.

It is claimed that SS&C is not a curriculum, but the book, The Content Core: A Guide for
Curriculum Designers (NSTA, 1992), has the appearance of a curriculum, even detailing the
level at which particular concepts could be taught. It advocates "carefully sequenced, well
coordinated instruction of all core science subjects ... each year from grades six through 12"
(NSTA Reports, Feb./March, 1993, p. 9). The project strongly criticises present practices,
including evaluation methods, the role of textbooks, and pedagogy generally (NSTA, 1992,
pp. 13-14).
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Large well-funded projects such as SS&C demonstrate many parallels with research and
production in science and technology. Funding, cycles of credibility, and institutions all
converge through policy decisions, and are features of the nature of the process. Qur focus
here is an examination of the social relations surrounding the SS&C project, and in particular
the power and influence of the originator of the project, in order to see the ideological setting
in which the curricutum was conceived.

THE BIRTH OF THE PROJECT: A CONVERGENCE OF RHETORIC

The birth of the project sees parallels with much of the rhetoric applied to science and
technology; the “United States must develop its human resources more sffectively. Our
individual security and national well-being depend on it* (Crow & Aldridge, undated paper, p.
35). Appeals to security and national well being are always popular expressions of
xenophobia, especially in the America of the Reagan years. It was the President who stressed
security and preached a particular brand of moral values. The education system was seen, as
it always is, as an important vehicle by which to incuicate them (see Ronald Reagan’s speech
to teachers and principals, 1980, pp. 509-512). The rhetoric used is a reminder of the politics
of the cold war, and the justification of R&D for defence and a particular emphasis in
education.

The concerns expressed over the Japanese economic miracle and the desire to re-assert
technological supremacy have been recurrent themes in America during the last decade or so.
In 1983 the Federal Secretary of Education, T.H. Bell, released A Nation at Risk, which
examined the relationship between education and prosperity. Here the ‘risks” were spelled out
in stark economic terms:

The risk is not only that the Japanese make automobiles more efficiently
than Americans ... It is also that these developments signify a redistribution
of ftrained capability throughout the globe. Knowledge, learning,
information, and skilled inteligence are the new raw materials of
international commerce and are today spreading throughout the world (pp.
6-7).

The indicators of risk included international comparisons of student achievement, in which of
19 academic tests across industrialized nations the U.S. wes last seven times (Bell, 1983, p.
8). The poor achievement in the international achievernent tests was a subject of debate at
the AAAS Colloquium, Science and Technology and the Changing World Order (Sauer, 1980).
In the period from 1980-1992 there had been over 350 national reports “lamenting the
condition of education in America and calling for changes" (Hurd, 1992}. In 1989, Bush
(1990) again used the poor results of American children in science compared to students in
other countries: in *a recent comparison of 13-year old students in the United States and five
other nations, America (was) placed ... near last in science” (p. 1217). In America 2000
President Bush's rhetoric of concern is apparent:

Our country is idling its engines, not knowing enough nor being able
enough to make America all that it should be.... Nor is the rest of world
sitting idly by, waiting for America to catch up. Serious efforts at education
improvement are under way by most of cur international competitors and
trading partners. (1991a, p. 15)

Science is specifically mentioned in a statement on America’'s Education Goals (Goal 4) to be
achieved by the year 2000: "U.S. students will be first in the world in science and
mathematics achievement® (Bush, 19913, p. 19). The performance required is to be tested
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against ‘international achievement tesis® (p. 74) and the goals relate to “the level of training
necessary to guarantes a compatitive work force" (p. 74). The political rhetoric by Bush
around this time provided powerful support for the SS&C, rhetoric that was couched in
scientific analogy, the need for "a quantum leap forward® (Hurd, 1992, p. 36). In 1989 Bush
stated that he intended to double the "National Science Foundation's hudget by 1993 to
guarantee that America’s technology is number one® (Bush, 1990, p. 303). The convergence
of rhetoric is nicely summarized in the NSTA's major publication, The Content Core : A Guide
for_Curriculum Designers, which stated that "The United States is poised, both in terms of
resolve and resources to undertake science education restructuring® (1992, p. 14)

According to Bill Aldridge, the long time Executive Director of the National Science Teachers
Association (NSTA), discussion about the project began during 1988 (Aldridge, 1992a, p. 13),
and the NSTA Repors of Feb./March, 1893, the newsletter of the NSTA, records that the
project was launched in 1989 (p. 9). It appears that he was responsible for the project and
that it arose from an analysis which he had made of *science edur ‘ion in several countries”
(Aldridge, 1992a, p. 13). If, as we suspact, he visited the then USSR, the emphasis on the
continuity of learning in each of the sciences year by year appears to have struck home
forcibly. Thus armed, the NSTA has been abie to propose that students at secondary schoals
(Years 7-12) should have 6-8 hours of science instruction per week (Aldridge, 1992b, p. 6),
simitar to the USSR and China. Aldridge states that the National Science Foundation (NSF)
showed a great deal of interest in the idea and supplied a seading grant to enable the
planning of a "large reform project” (1992a, p. 18). He reports that among those attending the
first meeting were scientists, including a Nobel Laureate. Here we see the NSF once again
taking a great deal of interest in schoo! science.

Echoes of the Past

The nation was portrayed to be at risk in 1957 by the dramatic Jaunch of the Russian Sputnik.
Sections of the scientific community of America “seized the opportunity with both hands"
(Calder, 1970, p. 3). "Phoney statistics about Soviet research and education” (p. 31) fuelied
anxiety. After the dog ride in Sputnik It Eisenhower went on television to reassure the nation.
Nigel Calder (1970), reports that this was simply an imagined or fabricated technological
disaster; in fact, competence was not an issue here but rather military inter-service rivalry. The
upshot was a heady period for hoth American science and science education. The budget for
the NSF was trebled, and “science education received a massive injection of federal money
under a law significantly entitled the National Defense Education Act” (p. 31).

SCOPE, SEQUENCE AND COORDINATION (8S&C)

While the exact level of funding for SS&C has been difficult to ascertain, the funding for it is
extremely large by educational standards. Aldridge reports that SS&C is funded by both the
Department of Education and the NSF and that *(sjome $13,000,000 dollars in Federal money
have been invested in the project, along with considerable state and local resources”
(Aldridge, 1992a, p. 18). Funding is also coming from the American Petroleum Institute and
the Chevron Corporation for both in-service and the production of teaching materials for the
science teachers involved, by teachers working with industry scientists at summer schools
during the next three years (Lutz, 1993). It is reported in The New York Times (Sura, 1892)
that the Houston site (see Figure 1 for a list of the trial sites for the project) received a total of
2.8 milion dollars from the Federal Department of Education and the NSF. State
Governments may also be involved, a proposal for $2,000,000 per year was submitted by the
Califorr ia SS&C site to enable expansion of the Project.
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While the project is coordinated centrally it is being developed with a large degree of
autonomy at six regional sites. These are California, lowa, Puerto Rico, Georgia, Alaska,
North and South Carolina and the City of Houston, Texas; we have no information on
rationale for the selection of the sites. In 1992, 75,126 students in 343 schools and 1120
teachers were involved, with California having 33,600 students, 228 schools and 665 teachers
{SS&C, 1993).

The Project’s Director is currently Arnold Strassenburg and he states, in a personal letter, that
although there are a number of boards and committees the management is simple: each of
the six -’ s funded directly by the NSF, each site director answers to the NSF,
Strassenburg's Coordinating Ofiice receives its own grant from the NSF, and they are
responsible to the NSF. In connection with the SS&C Advisory Board, he notes that this
NSTA Board provides him with advice.

POWER AND CONTROL

As the project appears to have been conceived by Bill Aldridge, who as far as the NSTA is
concerned represents an important element of bureaucratic stability in an organization of
constantly changing elected personnel, we judge that his influence has been crucial to the
early direction of the Project. His continutty of tenure as the executive officer of the NSTA has
probably enabled him to become well known on the Washington scene. Bill Aldridge, is
described in a Scientific American article entitted Teaching Real Science, as an “impatient
reformer”, a "determined ex-physicist® and as the “force behind the association’s curriculum
reform" (Beardsley, 1992, p. 102).

Aldridge is a powerful player and has many opportunities to exercise influence. Aldridge now
appears to be at "arms length" from the Project except that he is a member of several
cormmittees who have input into the Project. In order to understand his potential influence on
SS&C it is necessary to follow the trail of committees and the organizational structures
surrounding the project and this is showi in Figure 1.

He is a member of the following committees: SS&C Advisory Board (provides advice to the
Project Director), SS&C National Coordinating Committee, National Council on Science and
Technology Education Guidelines, 2061 and the National Research Council Science
Standards Advisory Board. He is known by science teachers throughout the country.

Aldridge’s ideology which peeps through as if ashamed from the pages of his papers, is
politically crafted to gain support for his Project. His own ideas are largely implicit, with
innuendos, in a sea of references to unexamined authorities. He operates by including almost
averyons, but his assertions are muddled and in places inaccurate.

His ideclogy is clearly a variant of objective, value-free science ideology, now widely
discredited but still useful to the "military-industrial complex”, as Eisenhower called it.

Aldridge’s model of science appears in the section on "Why do we believe?® (1992a. p. 18).
*Scientists believe in theories®, he tells us, *only so long as they are successful in accounting
for all aspects of the phenomenon®. Those of us who have taken notice of the careful studies
which have been done in the history and sociology of science during recent decades no
longer believe in that myth. Nor, if we have been attentive to recent philosophy of science, do
we believe we "create models or theorigs to account for facts, observations, and empirical
laws*. Facts, on which Aldridge expounds at length ("How do we know?*) are problematic
and “empirical laws" are theories. And the central assertion of Aidridge's Project, that teaching
should proceed from the descriptive-phenomenclogical, through the empirical and
semi-quantitative, to the most abstract and theoretical {1992b. p. 5) completely ignores all the
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work which has shown the way in which theory of various kinds shapes our questions and
observations (Cross & Price, 1992). Or would Aldridge simply ciaim that we are not the
independent scientists to whom he looks for "confirmation® before changing his theory?
(Aldridge, 19923, p. 16)?

When Aldridge gives us an example of his pet conception of sequ-1cing, by which he means
learning which "moves frem concrete experience to abstraction® (19923, p. 14), he chooses
the unfortunate example of the pendulum (p. 17). As Matthews (1992) shows in his paper in
Relevant Research, "had Galileo proceeded in this way people would have not surprisingly
thought f[he] had taken leave of his senses” (p. 181). But he proceeded precisely in the
opposite direction and arrived at his ‘law’. Or are we again being asked to persuade students
that they should observe the results required?

Aldridge’s excursion into comparative education is equally misjudged, reminding us of the
distortions propagated during the immediate post-Sputnik period of the late fifties and early
sixties (Silberman, 1970, p. 169), a period which Aldridge reminds us that he has lived
through. First there 1s the choice of the USSR and China when there are other countries
which teach the major science subjects throughout the school curriculum. Both the USSR
and China borrowed this feature, of teaching the sciences separately, at different times, from
central Europe. Then there are the unwarranted claims that in the USSR the subjects are
closely correlated, and that in both countries "all chiluren learn these subjects successfully”
(Aldridge, 1992b, p. 4). Such claims can only be justified by ignoring specialist writing on
education in these countries, both native and foreign. For example, British specialist on the
USSR, James Muckle (1988), translates syliabi which show that in grade 9, students in Biology
indeed study circulation of the blood (p. 85) and in Chemistry, the oxygen sub-group (p. 100).
But examination of the Chemistry textbocx shows there is no mention of metabolic reactions,
study being abstractions about the regularities and differences of the main Group 6 elements
of the Periodic Table, and introduces students to hybridization in bonding theory (Khodakov,
1986)I Perhaps, he visited a school with enlightened teachers where “coordination® between
biology and chemistry occurred.

Aldridge's ideology shows most strongly when he speaks of the Science/Technology/Society
(STS) approach. He begins his remarks by citing Harms and Yager (1981} on its relevance to
student motivation, and goes on, ‘It is assumed that this will force consideration of, and
motivate learning for, basic concepts, principles, and laws of science, which are then applied
immediately to the probiem or issue at hand® (1992a, p. 18). Why “force consideration of'?
What is the unstated purpose of learning science for Aldridge? The next sentences make that,
perhaps, a little clearer:

Relevance may well be a key component of good motivation, but practical
problems are often very complex, and variables identified are almost
impossible to isolate and control.  Student interest in personal and societal
problems is highly individual, and group learning in a classroom setting
appears very difficutt. The range of problerns, issues, and concerns could
easily spread into areas beyond the natural sciences, leading to a blurring of
distinctions in areas where such distinctions are very important, such as
between science and technology, or between science and philosophy and
religion. (p. 18)

He then makes a concession:
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Even though the author is convinced for many other reasons that the STS
approach is flawed, it nevertheless needs a fair test. For that reason two of
our project centers use an STS approach. (p. 18)

One wonders what he means by a "fair test” for STS, and where he will find an “independent
science scientists® or science educators to pronounce judgement! Whitehead at the
beginning of his famous collection of essays in Adventures of ldeas (1933) observed that it is
impossible for even a ciitical scholar to escape “prejudice” (p. 4} in arriving at judgements. it
is worth noting here that Marcia Pearsall, editor of NSTA's publication Relevant Research
{1992) for SS&C claims that it is a “collection of research papers and philosophical statements
on how secondary school students learn science best® (p. v) but the book devotes less than
three pages in a 270 page book to STS, and yet two project centres are using this approach!

The influence of Aldridge's ideology is seen throughout the guide for curriculum planners The
Content Core (NSTA, 1992) and the materials being developed at some of the sites, an
example being the work done at the Houston Project site, headed by Linda Crow. This site
has recsived further funding from American Petroleum Institute (API). Fueling Around is a
grade Eight unit (called Block V, Crow, 1892} and the activities avoid reference to the many
contentious scientific and social issues surrounding oil. Significantly, the unit was based on a
brainstorming session attended by Crow, Aldridge, teachers and representatives of major oil
companies! Here we see Aldridge's ideology at work, the dogmatism of “natural science”
strips away not only technology and environmentalism but also the social relations of science,
so that Fueling Around is a vehicle for distinguishing between fuel, work and energy!

Aldridge makes many of the enlightened statements one would expect of a persen in his
positior; his comments deploring the widely held assumption that “only certain children are
capable of learning science™ (1992a, p. 13), and that "science is needed by everyone and
everyone is capable of learning and enjoying science® (p. 14) are particularly interesting. Here
we see his Achilles Heel, for he is right to assert that science "need not be an unpleasant
experience for so many® students (1992b, p. 7), but would his recipe help change things when
it seems that he advocates a science curriculum long discredited? It is reported that the 'most
common question students ask in science courses is "What goad is all this going to do me?”
(Hurd, 1992, 28).

The lowa SS&C site is headed by Robert Yager, the country’s leading proponent of STS, and
while space does not permit an analysis of the lowa STS approach, differences between
Aldridge’s vision of SS&C and Yager's STS approach to SS&C create an ideological divide.
The contrast between Fueling Around and materials being produced by the lowa centre, for
example Station: Earth (Brotherton, et al.,, undated), is dramatic. Students *become actively
involved in seeking information and applying it to real-life situations and issues® (p. 43). What
is encouraging here is that within the SS&C Project there are strong forces pulling in other
directions and the possibility of the amelioration of the Aldridge proposals (Table 1).

CONCLUSION

America's changing position in the new world order, resulting from the rise of the Japanese
and Europeans as economic super-powers, and the collapse of the Soviet Union, has deeply
affected the national psyche, perhaps helping establish SS&C as one of the quick-fix
solutions. The desire, even need to be seen internationally as the *First in the World by 2000™
in science education - regardiess of the criteria used to construct the “league table” - is, we
suggest, an example of the nation’s self-doubts. |f there arises a consensus that the
curriculum should once again turn to the value-free interpretation that science is produced in a
social vacuum, as exemplified by Aldridge's pendulum exemplar, then the more conservative
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TABLE 1
THE IDEOLOGICAL DIVIDE BETWEEN ALDRIDGE AND YAGER
ldeology Aldridge Yager
Science value free embedded in values
body of knowledge knowledge is provisional
Science in nature of science and the understanding science as
education institution of science not a part of society
questioned
Educational goals top in international assist students relate
testing societal issues to daily
living
Curriculum hierarchical structure, planned by individual
central control teachers or cooperative
groups
local initiatives based on local interest,
determined by site controlled locally
control

forces in the institution of science will be well satisfied. It is left to Paul DeHart Hurd, the
distinguished Professor Emeritus of Science Education at Stanford University, to call into
question the underlying issues:

The criticism of the present science curriculum is that it graduates students as
foreigners in their own culture, unfamiliar with the influences of science/technology
on social progress and public policy as well as personal and cuftural values... For
some, scientific literacy is seen as a collection of facts everyone should know...

{For Hurd) A scientifically fiterate person recognizes the unique character of scientific
knowledge and is aware of its values and limitations in cuitural adaptation (1992, p.
26).

The lessons to be learnt here include being alert to the social-political aspects underpinning
curriculum developments, both in Australia and overseas. We need to adopt a mature
approach towards what appear attractive alternatives, even when they have what seems the
impeccable pedigree of the NSF! It will require us to discard our cuttural cringe and claim the
right to voice objections, and where necessary, to criticize the products of others.
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ASSESSING THE PSYCHOSOCIAL ENVIRONMENT OF SCIENCE
CLASSES IN CATHOLIC SECONDARY SCHOOLS
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University of Technology of Technology

ABSTRACT
Much Catholic school and church rhetoric suggests that Catholic schools
possess distinctive learning environments, Rssearch into this aspect of
Catholic schooling has been hamper.d by the lack of an appropriate
assessment instrument. By drawing on contemporary church literature, the
perceptions of personnel involved in Catholic education and existing
classroom environment questionnaires, a new instrument was developed to
assess student perceptions of classroom psychosocial environment in
Catholic schools. The use of this instrument in 64 classrooms in Catholic
and Government schools indicated significant differences on some scales.
The distinctive nature of Catholic schooling did not extend to all classroom
environment dimensions deemed important to Catholic education.

BACKGROUND

The conceptualization and assessment of the psychosocial environment of classes has
become an important field of research (see various reviews of research by Chavez, 1984;
Fraser, 1991, in press; Genn, 1984). These reviews have shown that classroom environment
is an important predictor of student learning. Other studies have used classroom environment
scales as dependent variables in investigating variations in environment across different
settings. The particular approach used in most of this research has been to define classroom
environment in terms of the perceptions of its inhabitants (i.e. students and teachers).
Historically, this idea can be found in the work of Lewin (1936) whose field theory defined
behaviour as a change of some state of a field.

The original and continued official view of the Catholic church is that, in some way, religious
faith permeates the whole of the curriculum (M.C. Leavey, |dentity and ethos in the Catholi¢
school: the elusive variables; unpublished manuscript, Brisbane Catholic Education Centre,
1993, p. 7). This was implicit in the original foundation of the Australian schools last century,
and has been restated in the four official papers since the Second Vatican Council (Vatican I})
of 1962-1965. Church documents spanning 130 years indicate that the Catholic school was to
have an atmosphere consistent with Church doctrines (Geoghegan, 1860; Provincial Synod,
1862, 1869), enlivened by the gospel spirit (Abbott, 1966) and dependent not so much on RN
subject matter or methodology as on the people who work there (Sacred Congregation for
Catholic Education, 1977). Bathersby, the present Archbishop of Brisbane, asserted recently: s

It would be a complete misunderstanding to see the Cathulic school just as any other, D
with a daily religion lesson added. Important as the religion program is, it is only part e

of the difference. The whole atmosphere of the school is one of shared faith where
parents, teachers and students come together in prayer and action to live the gospel .
of Jesus, For the young, the witnesses of faith-filled adults, teachers and parents, S
provides a lesson and encouragement that no text book can replace. (Bathersby, . :
1992, p. 2)

From the Catholic viewpoint, education is holistic with the religious dimension interpenetrating
the entire school. Conceptually, the notion of having parcels of religion interspersed with

[N |

‘-




62

parcels of secular knowledge has been strongly rejected. This implies that the environments
of science classes in Catholic schools should be different to those in secular institutions. The
purpose of this study was to investigate this proposition.

INSTRUMENT DEVELOPMENT

The general procedure adopted was to use existing instruments as bases for the construction
of an instrument that would include the important dimensions of a typical Catholic school
classroom. This task was simplified by the considerable research efforts in this area
previously. Existing scales and associated items needed to be modified and supplemented
by new scales so as to tap distinctive environment dimensions. The intuitive-rational approach
to instrument development (Fraser, 1986), which relies on the researchers’ intuitive
understandings of the dimensions being assessed, was adopted. Drawing on the work of
previous learning environment researchers, four development criteria were established:

* Consistency with literature. The instrument was to be consistent with fiterature on the
purpose and mission of Australian Catholic schooling.

* Coverage of Moos's three general categories. The final form of the instrument was
designed to cover Moos's (1979) three categories of human environments: relationship,
personal growth and systems maintenance and change.

* Salience to_stakeholders. In order for the instrument to tap salient dimensions, it was
considered important for administrators, teachers and students to be involved in the
development process. Clearly, this criterion would enhancs the instrument's ability to
focus on the realities of contemporary Australian Catholic schooling and accordingly
contribute to future research possibilities.

* Economy. As teachers face considerable time pressures during the school day, it was
considered important that the final instruments be economical in terms of the time needed
for administration and scoring.

Using these criteria, a seven-scale instrument with 66 items with responses recorded on a five
point Likert scale (Strongly Agree/ Agree/ Neither Agree nor Disagree/ Disagree/ Strongly
Disagree) was developed. Table 1 shows the names, descriptions, sources and number of
items for each scale.

INSTRUMENT VALIDATION

The assessment of science classroom environment was one component of a larger study
involving 2211 students from a total of 104 classes in 32 secondary schools of three types:
Catholic non-order, Catholic order and Government (see the following section for further
descriptions). Of these students, 1319 were from 64 science classes in the 32 schools.
Validation data are presented for the complete sample of 2211 students.

ltem_and Factor Analyses
Data were subjected to factor and item analyses. Factor analysis of the data from the 66 item

instrument supported the existence of 7 distinct scales which were consistent with the 7 a
priori scales in Table 1. ltem-scale correlations confirmed that all items had been assigned to
the appropriate scale and that each item made an appreciable contribution to that scale.

Internal Consistency

Estimates of the internal consistency of the seven scales of the classroom instrument were
calculated using Cronbach's alpha coefficient for the above sample. Both individuals
(students and teachers) and class mean scores were used as units of analysis (Sirotnik, 1980).
Table 2 shows the alpha reliability coefficient for each scale of the classroom instrument using
the individual student, the individual teacher and the class mean as the unit of statistical
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TABLE 1

SCALE NAMES, DESCRIPTIONS, SOURCES AND NUMBER OF ITEMS FOR
SEVEN CLASSROOM ENVIRONMENT SCALES

Scale Name | Scale Description l Source of Scale I Number of
Htems

Student Affillation Exient to which students know, Leaming Environment 9

help and are friendly towards each Inventory (LEB
other. (Fraser, Anderson & Waiberg,
1982)

Ciassroom Environment Scale
(CES) (Moos & Trickett, 1987)

Task Orientation Extent to which it is important to CES 9
complete aclivilies ptanned and to
stay oti ths ..ibject matter.

Order & Emphasis on students behaving In CES 10
Organisation an ordery, quiet and polite
manner, and on the overall
organisation of classroom activities.

Individuatisation Extent to which students are College & University 9
allowed 1o make decisions and are Classroom
trealed differently according to Environment Inventory

ability, Interest and rate of working. (CUCEY)) (Fraser, In press)
Individualised Classroom
Environment Questionnaire
(ICEQ) (Fraser, 1990)

Teacher Control The number of rutes, how strictly CES 9
rules are enforced and how
severely infractions are punished.

interactions Extent to which teacher-student Researcher, with three items 10
interactions emphasise a Christlan from the CUCE!
concern for the personal wellare Personalisation scale

and social growih of the student.

Cooperation Extent o which students cooperate Researcher, with some 10
rather than compete with each Influence of LEI
other. Competitiveness scale

analysis. As expected, alpha reliability coefficients based on class means are somewhat larger
than those obtainea with the individual as the unit of analysis. The values of the alpha
coefficient suggest that each scale of the instrument has acceptable internal consistency for
either the individual or the class mean as the unit of analysis.

Discriminant Validity

Table 2 also reports data about discriminant validity using the mean correlation of a scale with
the other six other scales as an index. These data indicate that the scales do overlap but not
to the extent that would violate the psychometric structure of the instrument. In addition, the
data compare favourably with discriminant validity data from recent studies involving several
well-established classroom environment instruments (see Fraser, in press).

Ability to Differentiate Between Classes
One-way ANOVAs for classroom environment scaies with the student as the unit of analysis
and class membership as the main effect showed that each scale of the instrument
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differentiates between ciasses.
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for educationally mneaningful conclusions to be drawn.

TABLE 2

The results of these analyses are shown in Table 3 and
indicate that all seven scales differentiated significantly between classes (p<.001). The eta?
statistic, which is a ratio of between to total sums of squares (Cohen & Cohen, 1975),
indicates that the proportion of variance explained by class membership ranged from 7% for

the Task Orientation scale to 27% for the Interactions scale. In the main, these values allow

ALPHA RELIABILITIES AND MEAN CORRELATION WITH OTHER SCALES
FOR TWO UNITS OF ANALYSIS

{N=2211 students; 104 leachers; 104 ctass means)

Alpha Reliability Coefficient

Mean Correlation with Other Scales

Scale Indiidual as uni of Class Individual as unit of Class
analysis mean as analysis mean as
unit of el unit of
Student Teacher analysis I Student Teacher analysis
Student Afliliation 0.69 0.75 0.84 0.22 0.27 0.32
Interactions 0.90 0.80 0.97 .29 0.28 0.36
Cooperation on 089 0.83 JI 0.28 022 0.3¢
Task Orientation 0.76 0.70 0.90 " 0.33 0.26 0.32
Order & Organisation 0.84 0.80 0.95 l 0.33 027 0.36
Individualisation 0.54 0.73 0.80 015 016 0.34
Teacher Control 0.75 0.7 0.88 022 0.19 028
TABLE 3
ANOVA RESULTS FOR CLASS MEMBERSHIP DIFFERENCES IN
STUDENT PERCEPTIONS OF CLASSROOM ENVIRONMENT
Scale MS MS df F
Belween within ta’
Student Affittation 187 8.6 103, 2107 22 0.10
Interactions 1990 26.7 103, 2167 75¢* 027
Cooperation 441 19 101 2107 37+ 015
Task Orientation 145 a8 103, 2107 18 0.07
Order & Organisation 505 19 103 2107 42¢ 017
Individualisation 422 1.1 103, 2107 3 g* 16
L Teacher Control 339 91 103, 2107 a7 015

“p<.001
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DIFFERENCES BETWEEN SCHOOL TYPES

This section briefly describes the application of this instrument in Catholic and Government
secondary schools in Queensland. Data from the same 1319 science students used at the
instrument development were analysed. These students were from 84 Year nine and Year 12
classes in 32 schools. The schools were classified as Catholic non-order (10 schools),
Catholic order (10 schools) and Government (12 schools}. Catholic non-order schools are lay
administered and coeducational. By contrast, Catholic order schools are either owned or
administered by a religious order (e.g. Sisters of Mercy, Christian Brothers). These schools
are single sex, with the sample used in this study consisting of five boys’ schools and five
girls’ schools. In each school, one Year 9 science class and one Year 12 multi-strand science
class were surveyed. The sample was from metropclitan Brisbane and provincial cities and
towns of Queensland and both the schools and the classes within each school were
considered to be representative samples of school and subject type.

Differences between the three school types were tested statistically for each of the seven
scales. Using the 64 class means on each of the seven scales, a one-way MANOVA was
conducted in which the set of seven classroom environment scales constituted the dependent
variables and the type of school constituted the main effect. The multivariate test using Wilks’
lambda criterion revealed that school type (Catholic non-order/ Catholic order/ Government)
was statistically significant (p<.01). Univariate ANOVAs revealed only two scales on which
there were statistically significant differences in the means, namely, interactions and Task
Onentation (p<.05). Tukey's post hoc procedure was used to establish that, for both scales,
statistical significance existed between the Catholic non-order and Government schools only.
The effect sizes (in terms of the differences in the mean for the school types expressed in
terms of the number of standard deviations) were 0.9 and 0.7 for the Interactions and Task
Orientation scales, respectively. These findings are summarised in Fig. 1 which is a plot of
class mean for each school type for each of the seven classroom environment scales.
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The profiles of Fig. 1 reveal some interesting points. Firstly, for the two scales that had
significantly different class means, Government schools scored higher than the Catholic
schovls. Secondly, Government schools sccred higher than Catholic schools on Order &
Organisation. Thirdly, Catholic non-order schools were perceived to have higher Teacher
Control than Government schools. Fourthly, little differences existed between school type
scores for Student Affiliatiors, Cooperation and Individualisation. Fifthly, students in all settings
perceived their classrooms as being low on individualisation. A final observation is that, apart
from the Interactions scale, only small differences between the class means for Catholic non-
order and Catholic order schools were present.

Discussion

Catholic schools are purported to possess distinctive environments. Implicit in such a
statement is the view that Catholic schools have a distinctive environment when compared
with Government schools. Moreover, the rhetoric of Catholic church literature suggests that
Catholic schools should have a more positive learning environment than Government schools.
The evidence of this study fails to support this assertion. Indeed, the rhetoric of the literature
and stakeholders is at odds with the findings of this study. Based on the rhetoric, one would
reasong ..y expect Catholic schools to be different on at least the six scales of Student
Affiliatic..\, Interactions, Cooperation, Task Orientation, Order & Organisation, Individualisation.
This has not been the case. The data of Fig. 1 show clearly that the direction of between
school type differences is the reverse of that suggested in the literature. A further issue
addressed in this study was the difference between the environment of Catholic non-order and
Catholic order schools. Folklore suggests that order schools (being more established and
permeated by the order's charism) have a distinctive (and superior) environment compared to
Catholic non-order schools. The evidence of this study does not support this assertion. The
presence of a religious order does not appear to be associated with a distinctive snvironment.
It should be noted that the pooled data of the order schools were from 5 boys' schools and 5
girls’ schools. Further data analysis will be ccnducted in this area, especially in the
comparison of the classronm environments of Catholic girls’ and boys' scheols.

CONCLUSION

This paper contributes to classroom environment research by describing the development,
validation and use of a new instrument for assessing classroom envircnment in Catholic
secondary science school classrooms. The final form of the instrument met the four
development criteria of consistency with literature, coverage of Moos's three general
categories, salience to stakeholders and economy of scoring. The reporting of one
application of the instrument illustrated its utility. The instrument is important to Catholic
education because its dimensions have been developed to reflect the purpose of
contemporary Australian Catholic education.

Clearly, the directions of the differences between school types in this study are not consistent
with the literature and are cause for some concern by Catholic school teachers and
administrators. Further research is needed to establish whether similar findings exist in other
subject areas.

REFERENCES

Abbott, W.M. (1966). The documents of Vatican Il. London: Geoffrey Chapman.
Bathersby, J. {1992). The Catholic_school: Creating the future together, Pastoral letter for

Catholic Education Sunday. Brisbane.




e g

67

Chavez, R.C. (1984). The use of high inference measures to study classroom environments: A
review, Review of Educational Research, 54, 237-261.

Cohen, J., & Cohen, P. (1975). Applied multipls _regression/correlation _analysis for the
behavioral sciences. New York: Wiley.

Fraser, B.J. (1986). Classioom environment. London: Croom Helm.

Fraser, B.J. (1990). Individualised classroom environment guestionnaire. Melbourne: Australian
Councit for Educational Research.

Fraser, B.J. (1991). Two decades of classroom environment research. In B.J. Fraser & H.J.
Walberg (Eds.), Educational environments: Evaluation, antecedents and conseguences.
Lendon: Pergamon.

Fraser, B.J. (in press). Context: classroom and school climate. In D. Gabel (Ed.), Handbook of
research on science teaching and learning. New York: Macmillan.

Fraser, B.J., Anderson, G.J., & Walberg H.J. (1982). Assessment of learning environments:
Manual for Learning Environment Inventory (LEl) and My Class Inventory (MCH (3rd
version). Perth: Western Australian Institute of Technology.

Genn, J.M. (1984). Research into the climates of Austratian schaols, colleges and universities:
Contributions and potential of need-press theory. Australian Journal of Education, 28, 227-
248,

Geoghegan, P.B. (1860). Pastoral letter to the cleray and the laity of the diocese on the
education of Catholic children. Adelaide: G. Dehane.

Lewin, K. (1936)._Principles of topological psychology. New ‘(ork: McGraw-Hill.

Moos, R.H. (1979). Evaluating educational environments: Procedures, measures, findings
and policy implications. San Francisco: Jossey-Bass.

Moos, R.H. & Trickett, E.J. {(1887). Classroom environment scale manual (2nd ed.). Palo Alto:
Consulting Psychologists Press.

Provincial Synod. (1862). Pastoral letter of the Most Reverend the Archbishop and the Right
Reverend the Bishops of the province of Australia, in Council Assembled, 1 November
1862. Melbourne: Wilson and Mackinnon.

Provincial Synod. (1863, May 8). Pastoral letter of the Archbishop and the Right Reverend the
Bishops of the Province, assembled in the Second Provincial Council of Australia.
Advocate, Supplement.

Sacred Congregation for Catholic Education. (1977). The Catholic school. Homebush: St
Paul Publications.

Sirotnik, K.A. (1980). Psychometric implications of the unit-of-analysis problem (with
examples from the measurement of organisational climate). Journal of Educational
Measurement, 17, 245-282.

AUTHORS

MR JEFF DORMAN, Lecturer, School of Education, Australian Catholic University, P.O. Box
247 Everton Park Q. 4053. Specializations: Catholic education, learning environments.

DR CAM McROBBIE, Acting Director, Centre for Mathernatics and Science Education,
Queensiand University of Technology, Locked Bag 2, Red Hill Q. 4059. Specializations:
conceptual change in students, science teacher professional development, scientific
reasoning. learning environments.

DR BARRY FRASER, Professor of Education, Director, Science and Mathematics Education
Centre, Curtin University of Technology, G.P.Q. Box U 1987, Perth WA 86001.
Specializations: learning environments, science education, educational sevaluation,
curriculum,

[ A

[




Research in Science Education, 1993, 23, 68-76

HOW CAN WE FIND OUT WHAT 3 AND 4 YEAR OLDS THINK? NEW APPROACHES TO
ELICITING VERY YOUNG CHILDREN'S UNDERSTANDINGS IN SCIENCE

Marityn Fleer & Tim Hardy
University of Canberra

ABSTRACT

This paper outlines work in progress on a study which is investigating what
children understand about natural and processed materials and how
scientific learning on the topic could be extended and reinforced in the
home. Four different interview schedules for eliciting children's
understanding were developed and tried out. Children’s understandings
prior to each of the four units, and at the conclusion of the teaching
program were documented through individual interviews. Family interviews
were also conducted prior to and at the conclusion to the teaching. In this
paper the difficulties associated with researching young children’s thinking
are explored. The rationale for a storytelling context for the interviews is
presented, and there is a prenminary discussion on the effectiveness of the
methodology utilised.

INTRODUCTION

In the last two years a significant amount of general curriculum development for primary and
secondary education has taken place. This can especially be seen as individuals all over
Australia have met and discussed draft Profiles and Statements in the different curriculum
areas. In science education the establishment of the Science Curriculum and Teaching
Program (SCTP) to support the National Science Curriculum Statement and Natiorial Profile
has been welcomed by those in the field (Curriculum Corporation, 1992).

One of the projects to come under the umbrella of the SCTP is the K-3 Science program,
based at the University of Canberra. This project spans the pre-school to Year Three levels of
teaching and learning. The program is integrated and holistic in its conceptualisation and will
be, when completed, in its presentation. The devselopment of this early childhood science
program is supported by research into young children's thinking and learning. This paper
outlines the research element of this project in one of the areas of the program being
developed, namely natural and processed materials, which is the second strand in the
Statement. In particular the paper discusses problems associated with researching young
children’s thinking in science.

RESEARCH IN EARLY CHILDHOOD

Research into identifying children’s understandings of scientific concepts has used a range of
interview techniques. Of note has been the interview-about-instance technique (Osbome &
Freyberg, 1985), producing a great deal of aata on children's understandings of electricity,
force, living things, and light, to name but a few. However, this work has been predominantly
dona with older children who have greater life experiences and a better command of language
than the three and four year olds involved in this study.

Research with very young children (under six years of age) is problematic, and obtaining very
young children's understandings in science is difficult (Fleer, 1991), Although some creative
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solutions have bsen used with children’s drawings in science (Hayes & Symington, 1988,
1989), generally little attention has been given to this area.

Eliciting children's understandings depends upon the child’s motivation to be involved in the
interview or teaching program. Unless young children see some purpose in participating they
will simply not become involved. Similarly, if the situation is beyond their social sxperience
then it is likely that they will not fully understand what is being asked, and consequently the
results will be questionable. The work of Donaldson (1978) has shown the importance of the
social context for interviewing young children. This work has been supported elsewhere
(Light, 1986; Wecod, 1988; Edwards & Mercer, 1987).

Children's life experiences and subsequent language skills will also influence their ability to
give reliable responses and hence may impede their performance during interviews. For
example, children may know that smoke and steam are different, but when asked to explain
what they can see as water changes from a liquid to a gas, they may use the term ‘smoke’
because they have not been introduced to the language construct of ‘steam’ to label it.
Hence a good descriptor for that child would be ‘smoke’.  Yet in a scientific context, this
could indicate cognitive confusion.

In order to map young children's understandings over time, lesson sequences being
researched must be linked together carefully, so that these young children not only remember
what they did the day before, but are abie to build upon these experiences and stay involved
and interested.

When the method used to elicit children's understandings and the teaching program both
make use of concrete materials within a meaningful context or through a form of storytelling, it
can be speculated that the data are more likely to be reliable. The study reported in this
paper explores the use of storytelling, not only for obtaining children's understandings of
natural and processed materials, but as a method of initiating the unit, linking each day for
children, and as a way of introducing science activities within a meaningful context.
Storytelling was seen as having the potential for effectively addressing the need to engage
children’s interest in the science topic by providing a context and using language that was
within their experiences.

The research element of the study was linked very closely to the teaching program. The
research design supported the teaching program and the teaching program set the context for
the research. This relationship was mutually beneficial and enhanced the chances of obtaining
reliable data.

THE STUDY

One of the strands (major content themes) outlined in the National Science Profile is Natural
and Processed Materials. When the research literature into children's undarstandings of the
concepts addressed under this strand (within Levels One and Two) was examined, very little
information could be found relating to very young children. However, a wealth of information
on older children's understandings was located and used to support the conceptualisation of
both the research and curriculum development on the topic.

The research questions

Given the dearth of knowledge about what very young children think about natural and
processed materials it was decided to find out firstly their understandings in this area and
secondly, how scientific learning could be extended and reinforced in the home.
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In order to investigate the second area, a teaching program needed to be developed and
taught. Four units of work to support children’s learning of the corncepts were deveioped and
taught to preschool children (states of matter: solid, liquid, gas; materials and their proparties;
chemical change: decay, rusting and burning; water: evaporation, dissolving and floating and
sinking). These sequences were organised around familiar life experiences such as cooking,
and sequences were planned following a modified interactive approach (Biddulph & Osborne,
1984a).

Previous research into parent-school liaison in science education is limited and not related
specifically to the link between home and school in children's conceptual development, but
rather classroom support (Symington & Hayes, 1987). In this study, however, activities were
developed for the home to support the learning sequences in the program. Various forms of
communication between the families and teachers were organised and tried out. For
example, the weekly newsletter outlined soms activities the children had been doing in science
during the week and suggested an array of follow-up activities that could be done in the
home. It was deemed imponant to discover what impact the program’s science experiences
were having on the children through finding out what they shared with tiheir families. It was
also considered important to investi, ‘@ how or if the family was supporting the child's
learning through discussions and follow-up activities.

Sample

The families of children attendinyg a child care centre in the Australian Capital Territory (ACT)
were invited 1o participate. A total of 23 children were involved in the teaching program, but
due to the flexibie nature of child care attendance by children, not ali children were present
each day.

The youngest child at the time of the study was 2.7 years, and the oldest child was 4.8 years.
The average age of the group of children was 3.8 years. Seventeen of the 23 children
attended the centre each day whilst th e remainder attended part time (ranging from 2
mornings per week 10 2 days per week). Many of the fuil time attenders were absent for more
than one day during the time of the study.

Six families were interviewed prior to the commencement of the teaching program. The
families of three boys and three girls were involved (children's ages: 2.7 years; 3.3 years; 3.6
years; 4.1 years, 4.3 years and 4.8 years). Five of the families were selected from the full time
attenders and one from the part time attenders. The range of chiidren's ages, as shown
above, was used as the selection criterion for determining the sample.

Method

Family interviews before and after the teaching program were conducted to dstermine the
home activities and discussions that took place during the five week research period. Each
person in a family older than the child attending the centre was interviewed prior to the
commencement of the teaching program and two weeks after the implementation of the
program. The adults were asked what they thought their child (attending the child care centre)
understood about natural and processed materials. It was thought that this would provide
more contextual information about the child's understandings of natural and processed
materials.

Children’s understandings prior to and and at the conclusion of each of the four units ware

documented through individual intarviews. A space of approximately one wesk 10 ten days
occurred between interviews. Tha interviews wera conducted either in the centre or in a room
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adjacent to it (except the video based interviews: they were done in a different location) and
were done by a familiar aduk (usually a member of the te ching staff). All discussions and
comments made by individual children were audio-taped and transcribed. The family
interviews were done by the Director of the centre at a pre-arranged time,

Four approaches were used to establish contexts for the research and associated teaching
programs.

A scientific birthday party {focus: states of matter — solids, liquids and gases) The first
interview with the children made use of a book (Two silly chefs tried to organise a birthday
party). The book was specifically written so as to elicit views on areas show by the literature
to cause confusion with older children. In Table 1 the ailternative views held by children are
shown referenced to the specific area used in the book to stimulate discussion and/or
teaching activities. The book was read to the children at whole group time, and later the
children were asked to comment on their understandings of liquid, solid, gas, meiting, freezing
and evaporation as it related to what the silly chefs were doing in the story. [Full details of the
materials used are available from the authors. The pages in the book contained spacss for
children to draw pictures and for the interviewer to write down the child’s views.

TABLE 1

STORY CONTENT REFERENCED TO CHILDREN'S ALTERNATIVE VIEWS

The literature suggests that children: l Story content:
M—M

are confused by powders; some children think
that because they pour they are not a solid
(Stavy & Stachel, 1985).

flour/grinding wheat — making bread,
making pizza — grating cheese;
cutting up topping; spreading tomato
paste.

think that liquids (many types) contain water
(Stax & Stachel, 1985; Jones & Lynch, 1989).

making icy poles from different
substances (freezing and meiting).

think air is a material (Stavy, 1991; Brook,
Driver & Hind, 1989).

decorating for the party — blowing up
balloons.

think that water vapour just disappears, goes

making a cup of tea — boiling water

into the receptacle which contains the water
(Bar, 1986; Osborne & Cosgrove, 1983)

have difficulty with the changes of state of metting chocolate and making icy
matter: melting, freezing, evaporation and poles.

condensation (Cosgrove & Osborne, 1980;
Osborne & Cosgrove, 1983; Jones, 1984).

Micro worlds (locus; materials and their properties) The second set of interviews was
designed to ascertain what children understood about materials and their structure. Research
conducted with four to nine year olds in this area (objects and the kinds of materials they are
made from) by Smith, Carey and Wiser (1984) indicated that children have some notion of
matarial that is different from the idea of object. Howevaer, young children rely upon visual
perccption to make these judgements rather than reasoning. For example older children are
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likely to reason that “cutting does not affect the material” (Leeds National Curriculum Science
Support Project, 1992, p. 2).

In this study the interviews were conducted through the children drawing a picture of their
kitchen in their own pre-made book. The children were asked to preiend they were a mouse
moving around the kitchen cupboards talking about what they could see and what each item
was made from. As a further prompt an array of kitcheri utensils was shown to the children.
They were then asked to comment on these, indicating what they were made from.

A watery treasure hunt (focus: evaporation, condensation and dissolving) Three
discrete areas were investigated under the topic of water: the water cycle, dissolving and
floating and sinking. The first area about the water cycle involved each ¢ .ild being introduced
to a puppet and a stimulus picture of a wet weather scene. The children were told that the
puppet wanted to go flying, but the weather was as indicated in the picture. Each chiid was
then asked what it would ke like for the puppet to go flying through the sky. Follow up
questions focused on what is rain, where does it come from, where does the rain go, what are
clouds etc. Using similar questions but a different interview format Bar {1986) and Bar and
Travis (1991) have shown in their research with five to seven year oids that there is a belief
that when rain falls that somebody (possibly God) opens a water reservoir; clouds are made
of smoke or cotton wool or alternatively clouds are like bags of water in the sky and when
they collide the rain falls out (as cited in Leeds Nationai Curriculum Science Support Project,
1992). Since the children in the study reported in this paper were much younger, it was
hoped that the storytelling format used would help the three and four year olds describe their
understandings of evaporation and condensation.

The second area o6f the’interview focused on what children understood about dissolving.
Research into this area has shown that children hold several conceptions of dissolving
(Holding, 1987). Children under the age of eight years tend to focus on the solute only and
say it just goes, disappears, melts away, and turns into water (Leeds National Curriculum
Science Support Project, 1832). In this study, children's understandir.gs of this concept were
acquired through the interviewer extending the story about the flying puppet to a puppet
wanting a rest and a drink of sweet water. Each child was then asked to mix a teaspoon of
sugar into a glass of water for the puppet. The puppet in story teling mode, asked each child
a series of questions relating to what tney had observed.

The last area of the interview focused on children's understandings of floating and sinking,
and the context was provided through the story telling continuing with the puppet tiring of
flying and wanting to go for a boat trip. However the children were asked to help the puppet
decide from an array of different materials (e.g. blue tac; wood; plastic; and metal) which item
would make a good boat. The children then placed the objects into a water trolley to see if
they floated or sank. Children were then asked to comment on any contradictions betwean
what they observed and their previous statements. Previous research by Biddulph and
QOsborne (1984b) into this area with 7 to 14 year olds indicated that children hold a variety of
views about why things float or sink. Using stimulus pictures to elicit children’s views, they
found that the younger children “did not realise that there could be a single explanation. Their
response was to begin giving explanations for individual materials® (p. 122). In many cases
children talked about lightness or heaviness without considering other aspects such as size.
Andreani Dentici, Grossi, De Ambrosis and Massara (1984) have shown through their work on
floating and sinking with six to eight year old children “that the manipulation of appropriate
material in semi-structured situations and questions which orient the attention towards certain
aspacts of the experimant, stimulate the child to reorganise his conceptual system® (p. 242),
indicating that children ar@ more likely to inisgrate aspects such as weight, volume, and
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shape. This would tend to support the notion that active participation by the interviewee is
highly desirable if responses are to be closer to their actual understanding.

The three stage interview on the topic of water used in this study involved puppets, concrete
materials and a story format. This interview design was significantly different to previous
research with older children, where cards depicting scenes and surveys were commonly used.
It was hoped that the active interaction by the interviewees and the familiar storytelling context
used in this study was more in tune with three and four year olds' interest levels and
interaction style, hence it was thought a more appropriate method of seliciting their
understandings.

Teddy bear barbecue (focus: chemical change -— decay, rusting, burning) The fourth
sot of interviews conducted with each child focused on their understanding of burning (both
skin and fire), deccmposition, rusting, and decaying. Previous research into this area has
focused on these concepts from a more sophisticated chemical reaction perspective (Leeds
National Curric.ilum_Science Support Project, 1992). This research is outside of preschoci
children’s experience and hence was not useful for guidi “a the development of this interview
schedule.

The children in this study were shown a series of video segments on a TV monitor showing a
scene relating to chemical change. The children were asked to talk about what they cculd
see, explaining to the interviewer what was happening. In the post interviews, each child
viewed segments of the children's activities during the teaching program which had been
videotape:d and had been added to the original video sequences. Here the children could see
either themselves or their peers using the materials (which related to the focus of the
interview). Whiist the video segments did not require active participation in the intarview, the
post interviews related directly to their experiences with chemical change in the child care
centre . It was thought that this alternative method for interviewing children had the potential
of revealing some nteresting data on the interview process itself.

PRELIMINARY THOUGHTS ON THE INTERVIEWING APPROACHES

Although the study reported in th's paper is still in progress it is possible to give some
indication of the suitabilty of the interview schedules for eliciting children's understandings,
but this will be restricted hare to comment on interviews with chilcren themselves and not
include interviews with family members. It is possible to point to several aspects of the
method that appear to be linked to its effectivensss.

The first was the ongoing interviewing of children throughout the teaching sequence. Since
ti.e children were participating in a four-stage teaching sequence with corresponding child
interviews prior to the commencemsant of each new unit, it was possibie to find out something
about the children's thinking progressively over the five weeks. Whilst each set of interviews
had not been designed to find out chiidren’s views on learning involved in the unit orior to the
interview, the children did maks links between them. For example in the interview on the topic
of water, one child responded to the fioating and sinking exercise by naming all the objects,
outlining what material they were made from, whether they were a liquid, solid or gas and if it
would float or sink. Whilst this type of response was not sought, the child gave this
information readily, This provided an opportunity to see ‘thinking in progress’ as the children
tried to make sense of the new constructs and their labels during each of the four units of
work,

A second aspect was the children's responses tc the video segments. When the first set of
video segments were shown, the children freely discussed what they were viewing, but it was
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difficut to know what sense they were making of the video segments. However, in the post
interview the video segments from the teaching program tended to encourage children to
discuss the scientific ideas more extensively, since they could revisit their learning through L
reporting upon what they had done in the centre. The video segments which included
excerpts of themselves or their peers were powerful in stimulating children to talk about what PR
they und.arstood about chemical changs.

The book that was used to elicit children's understandings of solid, liouid and gas proved to
be very successful. With the use of the book, children’'s comments (nade at group time with
regard to changes in the state of matter could be better understood when individuals were
interviewed. The book provided the opportunity for the children to express themselves either
orally or pictorially in a more extended manner than was possible during whcle group
discussions.

The storybook mode encouraged some children to tell the interviewer what the silly chefs were
doing wrong and what they should have done. As a result of the increased opportunity for
dialogue, more data were collected from each child in response to each scientific idea. With
young children, often the responses are short with little supporting contextual dialogue which
is essential for trying to work out what children mean. The interview data collected was
significantly richer and easier to interpret than is usual with three and four year old children.
Similarly, the children's responses to the storytelling of the flying puppet and the children
pretending to be a mouse in their kitchen also yielded more comprehensive data. However, it
was not as rich as that obtained from the storybook.

In the teaching program, the childrer: had the opportunity to be involved in each of the stories
told or read through either retelling or dramatising the stories or through drawing pictures of
their understandings. This linked well with the research component of the study, since the
storyteling mode of the interviews tended to be seen as an extension of what they were
already doing, rather than as a discrete activity. Overall, it seemed that the children's
responses were more expanded, clearer and more specific than is usual with three and four
year old children. It would seem that the storytelling mode used for the child interviews proved
to be reasonably helpful for eliciting children’s understandings of natural and processed
materials. The storybook of the three silly chefs tended to be the most successful, since it
provided the opportunity for children to respond in two ways: explaining the incorrect actions
of the silly chefs and what they shouid have been doing.

SUMMARY

Research in science education with children under the age of six years is limited in scope and
volume. As a research community we have a great deal to learn about how best to ascertain
young children's understandings. Children's life experiences, language skills, interest level
and sense of social context influence how they respond in an interview situation. As a resuit,
creative procedures need to be developed if we are to find out what children understand.

A number of approaches were developed in this study to provide an appropriate context, both o
for the research and for the teaching program. There are indications that the approaches S
used have resulted in more effective eliciting of children's understandings in the four different

areas. -
There need to be further methodological developmaents in researching very young children’s e
understandings in science befora we can have confidence in the data that we collect. It is R
hoped that the discussion in this paper wil! encourage diaiogue about this neglectec area in i R

early childhood science education.
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DEVELOPING CONCEPTIONS OF FOOD AND NUTRITION

Rod Francis & Doug Hill
Charles Sturt University

ABSTRACT

This pag 2r describes an investigation of concepts that various groups hold
about food and nutrition. Groups investigated were students in Years 4 and
8, university students in a BEd (primary) program and parents of the Year 4
students. It was found that for many imponant concepts relating to food
selection, the basic ideas of each group were surprisingly consistent,
despite the influence of formal education. In particular, misconception
about energy and its role in nutrition and particular food groups was an
important finding. Implications for school and community education are
drawn from the results.

INTRODUCTION

The way we use the term food in everyday language depends on the context. In conversation
we speak of food and drink as separate classes and distinguish between meals and snacks.
There are also more subtle aspects to ths way in which we use language which help shape
our ideas about food. For example, we add salt to food which suggests that salt is not a
food. Similarly, the statement that we fry food in oil suggests that oil is not a food and will not
become part of the food when it is prepared. The very notion of food preparation suggests
that something is not a food until it is ready to be consumed. Likewise talking about fibrous
foods may seem to refer to dietary fibre and lead to confusion.

Formal instruction about food and nutrition begins in primary schools and is extended in the
areas of health, science and home ecor amics in the secondary school. Students also receive
competing information from a variety of other sources including the home, radio, newspapers,
community education programs, magazines and television. In this regard it is important to
keep in mind the relative weightings of these sources, of information. in terms of time, formal
instruction is relatively unimportant. Fortune and Blecharczyk (1983) have also cautioned that
knowledge of food and nutrition may not trar.clate into appropriate behaviour. There is much
information available about students' understanding of concepts which scientists see as
central to the study of science. However, there is relatively little known about students’
understanding of concepts such Js food and nutrition which are central to their well being and
how these have developed. The prime purpose of this study was to address this issue.

Textbooks used in schools describe food in a variety of ways. Barker (1985) has argued that
this reflects lack of an agreed definition of food by scientists. Barker and Carr (1989, p. 53)
claimed that in printed materials available to students, “Energy-rich materials (carbohydrates,
fats, proteins) are always classified as food but the definition is often extended (in decreasing
order of fraquency) to minerals, vitamins, water and roughage." Roughage is not usually
regarded as a nutrient since it does not break down in the digestive tract. However, in the
everyday context, roughage is troated as an essential parnt of the diet and described as such in
the nutritional information included on many food fabels.

Barker (1985) mnterviewad a samplé of 8-17 year olds (n=28) in Mew Zealand and found that

many had a restricted and context-dependant conception of food. Ferrer, Leong, Lee, Hill
and Francis (1990) also investigated ideas about nutrition held by children in Year 4 with
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similar results. The present cross-sectional study explored changes in conceptions of food
and nutrition from primary schooi to adult and builds on this earlier work and that of the
authors (Francis & Hill, 1992).

PROCEDURE

Individua! students were interviewed using a series of picture cards as stimulus material to
probe their ideas. Students were asked which pictures showed:

* examples of food (Question 1)

* substances which could gi s them energy (Question 2)

After the students had made a response to each picture they were asked to provide a reason.
This reason was probed to ascertain whether their answer might be different in some contexts.
In addition, students were asked;

* whether they would get more energy from a spoon of table sugar or from a spoon of
watermelon {Question 3).
* which of the ingredients used to make a fruit cake were foods (Question 4)

The ideas that university students and parents held about these same issues were ascertained
by means of a parallel questionnaire. The questionnaire for university students contained four
further questions. Question 5: How would you classify various foods by level of dietary fibre?
Question 6: What happens to the fibre content in each of a range of changes associated
with preparation and cooking? Question 7: How much dietary fibre is needed each day?
and Question 8: Complete the sentence ... Dietary fibreis . . . .

Subjects
A random sample was drawn from students in Year 4 in a large suburban primary school in

Wagga Wagga and from Year 8 in the high school to which almost all the children from this
primary school enrol. The Year 8 group had recently completed a 4 week science unit on
food and digestion. The adults in the study consisted of parents of children in Year 4 who
responded to a questionnaire sent home from the school and first year teacher education
students at the local university. Some of the parents and students were subsequently
interviewed to ascurtain the reasons for their responses. It was presumed that parents
represented adults with a particular concern for nutrition.

RESULTS
The results obtained in this study are summarised in Tables 1-6.

Comments in response to Question 8 "Dietary fibre is ... * included:
Undigestable roughage that gives you energy.
Essential for building body tissue.

Essential for daily needs (3).

Internally healthy (3).

Undigestable matter which pushes food through (5).
something that keeps the digestive tract healthy (5).
an aid to digestion (5).

the amount of food mass in food apart from water.
food that is healthy (2).

a classification of food (3).

«nvolved in free movemaent of solids in the body.
regulates body processes (2).

prevents constipation (2).
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TABLE 1
PERCENTAGE RESPONDING YES TO QUESTIONS 1-2 BY YEAR 4 STUDENTS (N=20),
YEAR 8 STUDENTS (N=22) UNIVERSITY STUDENTS (N =53) AND PARENTS (N=20)

Picture Question 1 Question 2
Examples of Food? Source of Energy?
Yrd4 Yr8 US P Yr4 Yr8 US P
vegetables 95 100 98 100 95 68 82 80
weeream 90 77 93 45 9% 41 56 60
lollics/confectionery 90 73 93 20 90 50 62 70
cuke 100 86 94 55 100 41 40 65
chicken 100 91 98 100 100 59 67 65
pincapple 100 91 98 95 100 50 87 75
colfee with sugar & mitk 0 27 71 25 10 23 25 35
water 15 27 53 3s I35 45 21 15
mulk 20 27 87 95 20 45 55 75
cooking-salad o1l 0 9 49 15 0 0 16 25
table salt 10 23 60 5 10 13 4 N]
bread 9 95 98 95 90 59 85 70
alcoholic beverages - - 47 S - - 29 30
Jictary fibre - - 58 - - - 26 -
TABLE 2

PERCENTAGE RESPONSES OF YEAR 4, YEAR 8 AND ADULTS ON QUESTION 3

Which would give more energy? Year 4 Year 8 uUs Paremnt
sugar 30 68 81
watermelon 70 32 19
TABLE 3

PERCENTAGE OF PARENTS (N=20) AND YEAR 8 STUDENTS (N=22) WHO
CONSIDERED SPECIFIC INGREDIENTS AS FOODS IN RESPONSE TO QUESTION 4.

Ingredient Year 8 uUs Parents
butter 68 81 90
dricd fruit 95 95 100
eggs 77 96 100
Nour 41 84 80
salt 9 60 20
sugar 59 . 85
spice 0 55 10
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TABLE 4
PERCENTAGE RESPONSES OF UNIVERSITY STUDENTS TO QUESTION 5.

Food Level of Dietary Fibre R
(with % fibre for the benefit A
of the reader)
Low Medium High
0-2% 3-6% >7%
bread (wholemeal) - 4.0% 0 16 84
carrot (raw) - 3.1% 4 56 40 i
celery (raw) - 1.2% 9 50 41
corned beef - 0% 59 32 8
dates (dried) - 4.8% 6 44 50
mucshi - 12.0% 2 9 87
pincapple (fresh peeled) - 1.2% 17 44 39
soy beans (dried) - 20.0% 13 44’ 43
v wheat flakes (eg weetbix) - 11.0% 4 22 74
I
b
E TABLE 5
i PERCENTAGE RESPONSES OF UNIVERSITY STUDENTS TO QUESTION 6.
Change Amount of dietary fibre -
decreased stayed about increased N
the same B
new potato s wrapped in 7 87 S
torhand cooked 1n
microwave
a prece of pincapple 1 n 81 S
pulped in a blender
atomato s placed in 94 4 2
boshng water for a muinute
and the skin pecled
tresh dates are dned 2 5t 27
TABLE 6
PERCENTAGE RESPONSES OF UNIVERSITY STUDENTS TO QUESTION 7.
- Granis of Fibre Necded & Number (0 = 32)
ina Day
0-10 12
10-20 20
-3 20
0-50 4
50 - 100 0
100 - 500 36
> 500 8
gl
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DISCUSSION

The units on food in the NSW K-6 Science and Technology syilabus include food technoiogy
and general nutrition.  All secondary school students come in contact with nutrition education
in science, health and for some in home science. Nutrition education seeks to change eating
habits as well as increase the knowledge of nutrition (Fortune & Blecharczyk, 1983). This
distinction is useful when exploring the knowledge people have of nutrition,

The respondents in this survey cover a cross-section of the population at various ages and
educational levels. Results showed broad agreement that vegetables, fresh fruit, chicken and
bread are foods which are important in the human diet. At a broad view the health campaigns
and education programs seem to be successful in a classification of 'healthy’ vs 'non-healthy’
foods. Comments mads during the interview clearly demonstrated however that there was
little understanding of how much of these foods is needed or why they are required in our
diet.

There were obvious differences between the four responding groups. lice cream, lollies and
cake were classified less often by parents as food than by the other 3 groups. They were
described as ‘junk’ by parents and as such not considered food. The Year 4 students treated
question 1 and question 2 as identical. It seemed that if food is good for you and/or tastes
good it must provide energy. The low response of parents and to some extent the Year 8
students that these junk foods don’t provide energy is an interesting feature of the results.
This, combined with the high energy rating of vegetables and the low energy ratings given to
salad, oil and alcohol, provides an interesting picture of the link between energy and food.

Solids are more likely to be regarded as foods than are liquids by all groups with the
exception of adults who generally considered milk a food. Things that are added in a small
amount (salt, herbs, spices) are generally not seen as food.

Table 2 indicates that Year 4 students responded quite differently from aduits, while Year 8
students fell in between. The Year 4 students tended to argue that watermelon was a fruit, so
it was good for you. |f it was good for you it would provide more energy. Sugar is bad for
you so it doesn’t give as much energy.

The results in Table 3 indicate that the status of an individual ingredient is perceived
independently of the part it played in production of the food. Those who did not regard flour
as food usually argued that you would not eat flour on its own or that it simply fills up the
spaces between the food bits in the final product.

Results in Tables 4 and 5 generally showed some understanding of the fibre leveis in foods
and the fact that it usually remains fairly constant despre processing. The point to highlight
from Table 4 is that a significant number of University students put carrot, celery and
pineapple in the high fibre group. Interview data revealed a link between *stringiness” and
*high in fibre" (e.g. "Yes, | would consider corn beef high in fibre because it is often stringy™.).
Wholemea! bread was also over-rated in terms of fibre but for a different reason. Here the
reputation of a whole food with all tha grain was the factor.

Table 6 reveals a disturbing lack of quantitative information. In many cases the increasing
impornance given to fibre in the media seems to have indicated to students it needs to be a
significant proportion of the total daily intake for students. |t would appear the percentages
given in Table 4 meant little to the students when answers to low, medium and high were
translated into answers thay provided in Table 6. Students tad a notion that roughage in
some way is good for you (energy, digestion, prevents constipation atc.} however little attempt
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was made to describe the nature of fibre. One student used the word cellulose and one
student distinguished between soluble and insoluble fibre.

CONCLUSIONS

The reasons given to explain and justify particular responses enable some inferences to be
made about the conceptual frameworks used by respondents. Such an analysis revealed the
existence of a variety of schemata (Howard, 1988) relating to food and nutrition. Table 7 links
the inferred schema and some examples of evidence by respondents.

It would appear from this study that people operat’; using broad schema to provide decisions
about food and nutrition. Concepts such as "good for you", "well being® and "heaithy” are
arrived at from a conglomerate of ideas. The ideas seem only marginally affected by school.
The language used by the Year 8 and University students did seem, on the surface, to be
more technical than that used by Year 4 and parents. This would reflect school influences.
Howaever, there was little evidence that their fundamental knowledge of food and nutrition was
very different.

The concept of energy seems particularly importarit as it seems to pervade the way nutritional
information is interpreted. Carr et al. (1987) discuss the various ideas teachers and students
exhibit about energy. It appears energy is seen as a "goodie" - drawn from such
contemporary metaphors as "energy conservation®, "running out of energy* and traditional
metaphors of energy linked to people: “an energetic person®, "healthy people have a lot of
energy”. Further they highlight the failure of people to distinguish between energy and fuel: a
pertinent issue in the context of food. The other set of metaphors relating to food are *heaithy
foods" and “good foods". As Fortune and Blecharezyk (1983) indicate, dietary habits seem to
be described by people in terms of food selection rather than nutrient status.

Juxtaposition of ideas about energy and food seems to provide a broad scheme something
like "if it is good for you it has lots of energy’. Hence the reason given in some cases for
watermelon having more energy than sugar. Melon is good for you {it's natural), sugar is bad
for you; therefore watermelon has more energy. Even at the adult level this scheme is
maintained. The responses for vegetables being high in energy, while responses for lollies,
cakes and particularly oil being low energy seem to be related to the early frameworks of Year
4 students.

The work with University students on fibre reveals similar kinds of broad schemata. Fibre is
being increasingly linked to general well being and good health. A significant humber of
students place fruit and vegetables in the high fibre group. The link indicated here (and
confirmed through follow up interviews) was that foods which are good for you (red meat is
bad for you - so low in fibre - answer correct, explanation incorrect) must be high in fibre.

IMPLICATIONS

This study has revealed a variety of ideas about food and nutrition held by children and
adults. We considered it would be surprising if they arrived at the same ideas considering the
competing messages they receive. There were, however, common ideas about the
relationship between food and enera  In addition it appears that the ideas promulgated in
advertising and health campaigns ./ere used to interpret specific instances. The other
common theme to emerge from follow-up interviews was that the Year 8, parents and
University students interpreted simplistic food tests in secondary school to conclude that most
foods only contain one component e.g. meat contains only protein, potatoas only starch, or
TV advertisements in the sarme way: red meat contains iron, milk contains only calcium,

I
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TABLE 7

Schema

Evidence

Foods are things which are chewed.

Not all things we consume are foods,

only what s good for you.

Only foods which are good for you
provide energy.

\Most foods only contain one
unportant nutnent.

Natural foods are healthy & have
high food value.

Things which are added 1o or used in
the processing of food are not foods.

Foods are either goedd or had for you.

Healthy food contains fibre.

Walcr is only a food when it is in ice blocks.
If you can't chew it. 1t is not a food.

Milk can become food if you turn it to cheese.
Ligquids are not food.

Digestion makes food liquid so it can be
absorbed.

Watermelon has more food value than sugar so it
gives you more energy.

Junk food is not food - it is bad for you.

Highly processed "foods’ are not really food.

You get sugar from natural foods so you don't need
sweets or cakes which are not really food.

Chicken, fruit & vegetbles are proper foods and
give lows of energy but cake. sweets & ice cream
are not & only give some energy.

Bread and milk have natural encergy. Healthy
foods give more encrgy because they contamn
vifarmins & minerals.

Mtk contans caleiumn, fruit has vitamans, vegies
have minerals and meat has protein.

Chicken has protein & bread has starch - we tested
them at school.

Bread & mulk have natural energy.

Sugar is bad for vou and watermelon is good as it
g1ves you more energy.

Sugar gives you most energy over a short period
but energy from watermelon lasts longer so it must
have more total energy.

Cooling o1l is put in to our food soitisa food t t
salt is not because we put 1t on food.

Cookung o1l and salt are not food - they help o
cook {ood.

Sugar 15 bad for you & watermelon is good so it
£IVEs YOU MOre energy.

Fruitand vegies are better for you than bread
because they have lots of fibre.

Healthy foods like cercals and vegies have fibre,
Foods bad for you lihe fats and oils don't have
fibre.
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This situation has a number of implications for those directly involved in nutritional education
and school teachers. They include:

* development of the idea that most foods contain a range of nutrients (not just protein or
carbohydrates etc. indicated by standard school food tests).
people need quantitative information not just qualitative information (“eat more fruit and
vegetables®; *eat more fibre® the basis of present campaigns become linked and provide
no basis for constructing a diet).
* providing situations where students are asked to interpret the global ideas from
advertisements , magazines etc, as they relate to balance in a diet - there appears to be
a lot of isolated pieces of information that need linking together so that a complete view
of nutrition is obtained.
advertising about food should be analysed by students and interpreted in a whole diet
context - fibre is interpreted via the Kellogg's advertissment on "All Bran®, Milk provides
Calcium, Red meat provides iron, etc.
* students need lots of activities relating to diets, food information and their own daily
intake - computer simulation and data base work could provide both enjoyment and a
medium for constructing realistic understanding.
energy as a concept should be related to diet and nutrition as a way to help work
through the misconceptions students have. This personalised context of energy may
help overcome some of the reported misconceptions about energy and provide a better
way of interpreting food quality.
the present approaches to teaching about nutrition in schools fails to change ideas
people have. We need new approaches in science to assist children to interpret and link
the mixed messages and individual pieces of information they raceive. Constructivist
approaches which begin with what children aiready know seem imperative.
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TEXTBOOK REPRESENTATIONS OF SCIENCE-TECHNOLOGY RELATIONSHIPS

Paul L. Gardner
Monash University

ABSTRACT

One way of viewing curriculum content is to regard it as text: i.e. as a
collection of narrative and argument which helps shape learners’ views of
the world. School and university textbooks form part of that collection. At
university level, texts encotintered by future teachers help shape views of the
discipline which may be transmitted to later generations of school learners.
This paper is concerned with how the relationships between science and
technology are portrayed in school and university textbooks. Criteria are
offered for evaluating these portrayals, and examples are presented of
material which meets (or fails to meet) these criteria.

INTRODUCTION

Why be concerned about science-technology relationships?

There is growing interest around the world in improving the quality of both science and
technology curricula. In many cases, developments in these fields are occurring separately,
but many educators are arguing that closer links ought to be forged betweer the two fields.
In England, the Royal Society for the Encouragement of the Arts, Manufactures and
Commerce (RSA) has been critical of school curricula which permitted learners to acquire
knowledge of particular subjects without equipping them to use that knowledge for practical
purposes, and called for more emphasis on capability, a “culture of doing" (Burgess, 1986).
One of the commissioned papers for the DEET Discipline Review (Lowse, 1983) provides a
thoughtful account of the implications of the relationship between science and technology for
undergraduate science education and teacher education. In various places in the report of
the Review (DEET, 1989), there are calls to make school science curricula "more technological
and humanly relevant” (p. 47), to include more technology content in undergraduate science
courses, to include studies of science, technology and society in initial teacher education
curriculum studies (p. 53), and to provide short courses for teachers on "novel topics such as
biotechnology, nuclear power...and chemical wastes and their disposal® (p. 59) in either award
courses or independent professional development programs.

The issue of science/technology relationships has some practical consequences, for
individuals and for society. Subject choices at school for those interested in technological
careers such as engineering are frequently based on a belief that "academic” subjects
(mathematics, physics) provide a better foundation than more practically-oriented studies.
Requests for government funding for scientific research are sometimes justified on the
grounds that they may lead to technological outcomes, and hence economic benefits.

Curriculum as text

One way of thinking about the curriculum is to regard it as spoken and written text, as a
collection of narrative and argument, as a set of story-lines that we offer our students.
Sometimes these are based on knowledge that stands up to academic scrutiny; sometimes
they are simplistic, partially true versions of a more complex account; sometimes they are
myths, indefensible when subjected to careful scholarship, but powerfully persuasive
nonetheless. Printed material, especially the textbook, is one contributor to this collection
(parents, teachers and the media are others).
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The present articie focusses upon the ways in which the relationships between science and
technology are portrayed in university and secondary school science textbooks. It will argue
that although science texts frequently mention technological artefacts (often to illustrate
scientific principles), they generally do so in ways which fail to explain how technology
influences science or to discuss the nature of technological capability. Such textbook
presentations are inconsistent with the educationai efforts of institutions like the RSA who seek
to integrate knowledge and practical action.

Criteria for evaluating text representations

Technology and science overlap in many ways, more so in modern times than in the past, but
they are not identical fields of endeavour. The terms technology and science each have
various connotations, and their meanings vary across cultures and in differing historical
periods. In general, however, technology is used here to refer to the artefacts, materials and
systems which humans design, make and utilise to meet their needs and desires; science
refers to systematic attempts to investigate, explain and reporn observed phenomena in ways
that promote better understanding.

The present paper examines the story-lines presanted in various university and school texts
about the nature of the relationship between science and technology. The following
generalisations are offered as criteria for evaluating whether a particular text provides a faithful
portrayal of their relationship.

Technology is historically prior to science. Technology began with the evolution of the
human species, whereas science is a much more recent phenomenon, about 2500 years old.
Even when an artefact and a scientific principle are related in some way, the development of
the artefact has frequently preceded the formulation of the principle {Gardner, 1993)

Technology is ontologically prior to science. Technology does not merely precede science
in the chronological sense; it can also be considered as a necessary precursor to science.
The notion that tools and measuring instruments are essential to the progress of science is of
course widely accepted and uncontroversial. What is less widely recognised is that such
anefacts aliow scientists not only to cbserve the world, but also to conceive the world.
Nutcrackers, clocks and pumps were necessary for the emergence of the principle of the
lever, modern conceptions of time, and the theory of circulation of the blood. This is a
materialist view of the history of science and technology which emphasises the necessity of
the prior development of practical skills and inventions for the subsequent evolution of
scientific thought. Ihde (1983) argues that the opposing, conventional idealist view generates
an interpretation of the history of modern science and technology in which the dominant
events are ideas (e.g. the revival of the Greek scientific spirit leading to the Renaissance and
the discoveries of Galileo, Kepler, Copernicus and Newton). A materialist story-line, in contrast,
would give adequate recognition to the important contributions of technologists (e.g. the
inventors of medieval clocks, farming implements, windmills and waterwheels) to the
subsequent growth of science.

Technological and scientific capabilities are not identical. Technology involves designing,
making and evaluating artefacts, materials and procedures, to meet human needs and
desires, Technological development may draw upon scientific knowledge, but this is not a
necessary condition in all cases. Even when technology does make use of scientific
knowledge, the process of application may be exceedingly complex and require many
practical skills which are not necessarily part of the repertoire of science, a point elaborated in
an earlier paper {Gardner, 1992).

38
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Technology and science, espaciaily in modern times, engage in two-way interaction.
Although it is certainly true that many modern technologies are based upon earlier scientific
research, it is also true that many scientific discoveries have been made as a consequence of
developmental work done for technological motives. In some modern fields (electronics,
computer hardware, gensetic engineering), the interaction between scientists and technologists
is so close that it is difficult to unangle their respective contributions.

CASE STUDIES OF TEXT MATERIAL

A range of ~tory-lines
All texts are of course selective, a few hundred pages chosen from the millions of pages that

have been or could be written in any scientific field. Authors make choices about which topics
to include, and which to leave out, about depth of treatment, about illustrations and exercises
and so on. Whatever choices are made, the text is not merely a catalogue of scientific facts
and principles: it is a representation of the voice, the ideological position, the construction of
reality, the story-line, of the author.

School and university science textbooks present a wide range of story-lines about the science-
technology relationship. At one extreme, there is the “pure academic science" story-line,
where science is on-stage and technology is off-stage, or at best given bit parts. (The stage-
craft metaphor is being used quite deliberately here as a way of summarising the various
textual treatments.) Some books give technology a strong supporting role, in which
technology provides useful instrumentation for science, or produces useful artefacts whose
workings can be understood in terms of science; however, science still occupies centre stage
throughout the performance and the character of technology remains undeveloped. Still other
books give technology and science joint star billing, but these are very rare.

In the case studies which follow, all but the first of the university texts cited have been
prescribed or recommended for use in undergraduate science courses at Monash University.

Serway and Faughn {1992}

This text is used as a reference for some introductory physics courses at the University of
Melbourne. Its target audience is "students majoring in biology and pre-medicine... health,
environmental, earth and socia: sciences® (p. v). It is an impressive book: comprehensive (34
chapters and more than a thousand pages), beautifully presented (300 colour photographs)
and up-to-date (e.g. the physics of laser printers and magnetic resonance imaging). It presents
the human aspects of physics by including biographies of physicists, some accounts of the
history of science and several interviews with famous contempc ary physicists. Environmental
concerns such as nuclear reactor safety are discussed.

The authors' approach to technology is one which is common to many science texts. The
objective is explicit: to “strengthen an understanding of the concepts and princip *s [of
physics] through a broad range of interesting applications to the real world” (pp. v-vi). Dozens
. of technological arnefacts are described, from Hero's engine through to computed axial
tomography (CAT-scanners). The story-line is invariably presented in the same way: the
artefact is used as an illustration of the laws of physics. For example, consider the treatment
of the photo-copier (pp. 544-545). (Its invention has been mentioned in an earlier paper:
Gardner, 1990.) The text provides a succinct account of the “heart® of the photo-copier, the
. photo-conductive selenium drum which is uniformly charged, partially discharged by the action
- of light and then coated with toner which adheres to the charged parts of the drum. Two
sentences refer to the grant of a patent to Chester Carlson in 1940 and the launching of "a

. full-scale program® by Xerox seven years later, implying that the development of the innovation

' was not a straightforward matter. (In fact, 22 years elapsed between the discovery of photo-
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conductivity and the production of the first commercial photocopier.) There is nothing in the
text to indicate the ways in which relevant scientific knowledge was fed into the design and
making process, nor any hint of the enormous obstacles that had to be overcome. One
might surmise that the intended story-line is that physics is of practical value, and that it helps
us to understand one aspect of an innovative machine. The artefact is on stage, but mute: we
learn nothing about its character from this brief appearance.

Bueche (1975)

A college physics text by Bueche (1875), written for physics and engineering students, is
unusual in that the author explicitly outlines his views on science-technology relationships. In
his preface, Bueche wirites of the “interlacing of science and engineering® in the development
of civilisation. He views these as fields as engaging in two-way interaction:

In theory, the scientist discovers the laws of nature. These laws are then used by the
engineer to make technolngical advances. in practice however, a ciear-cut distinction
between scientist and enginzer is often impossible. Scientists frequently seek out
practical applications of their new-found knowledge of nature’s behavior. Engineers
frequently find that they must search for still undiscovered patterns in nature before
they can find a satisfactory solution to a technological problem. Because of this
diffuse boundary between science and technological application, a flow of both men
and ideas between the two areas is expected and encouraged.

Since technology builds upon the laws of nature discovered by scientists, the
capable engineer must be knowledgeable of nature’'s laws. In particular, because
technological advance is usually the result of ingenious and insightful application of a
known law, the successful engineer is usually one who possesses a wide and
thorough knowledge of science. And, since the interchange must be two ways, the
discoveries of a scientist are best utilized if the scientist has an understanding of the
technology to which the discovery can be applied. Even though there is merit in
*science for science’s sake,” the practical difficulties of funding the expensive
difficulties of today necessitates a balance between "pure’ and *applied” science (p.
1).

Despite the rhetoric abou. uffuse boundaries, two-way flow and pure/applied balance, the
second paragraph implies that Bueche regards technology essentially as applied science. This
is borne out by the treatment of specific topics in the body of the text. For example, the
section on electric generators opens with the statement that "Electric generators and motors
make use of coils which rotate in a magnetic field. As the coil rotates, the flux through it
changes..." (p. 486) and proceeds immediately to derive the formula for induced emf. This is
pure physicists’ physics, no different from the treatment in any other standard physics text.
There is no mention of the engineering in this, that it took years of work to settle basic design
issues about the shape of the magnet and the best way to wind the wires around the coil. It
totally ignores the question of how a scientific idea is turned through engineering into a useful
artefact. Various writers (Mayr, 1971; Layton, 1971; Kline, 1987) have noted how 18th century
electrical engineers had to go beyond the boundaries of abstract physics (Maxwell's
electromagnetic theory) and develop an engineering theory of the motor (or dynamo) in order
to make progress. For example, John Hopkinson, an English engineer working in
co-operation with Thomas Edison, devised a graphical method of describing d.c. dynamo
behaviour. The significant improvements which resulted coutd not ke deduced from Maxwell’s
theory. The prologue to Bueche's play tells us how important engineering is, but the character
never actually appears.
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PSSC Physics
In secondary school texts, the “"pure physics® story-line can be found in such well-known texts

as PSSC Physics (Haber-Schaim, Dodge & Walter, 1986). This edition does, however, make
some minor concessions to technology. For example, the introductory chapter on kinematics
contains a "Sideline" which describes a rocket-propelled car designed to break the sound-
barrier. This material is presumably introduced (o help make the chapter more interesting;
however, the content is never mentioned again. At various places, technoiogical applications
are introduced: for example, the chapter on electric circuits begins with a photograph of a
bank of batteries in an electric car. The section on meters and motors resembles Bueche's,
although there is an acknowledgement that the use of electromagnetic force

is very widespread and a great a9al of understanding and skill have been employed
in inventing, designing and building all the devices in which it is used. This is the
work of electrical engineers, who have for about a century carried the applications of
this force to new uses. We are not going to iry to describe the ingenious and often
complex ways they have found to use the force; that is another subject (p. 307).

Thus, as with the characters of Rosenkranz and Guldenstern in Shakespeare's Hamlet, we
must await the arrival of another playv right to devetop their story more fully.

Kane and Sternheim (1978)

This introductory coliege physics text has been written with life science students in mind. The
text explicitly recognises the role of instrumentation:

Perhaps the most obvious impact of physics on biology and medicine is at the level
of instrumentation. A knowledge of physics helps in the intelligent use of everything
from light microscopes and centrifuges to electron microscopes and elaborate
radiation detection systems used in nuclear medicine (p. xii).

The book contains numerous examples consistent with this view: holographic photography
for studying biological specimens, medical apnlications of fibre cptics, magnetic studies of the
human body to detect asbestos, centrifuges for separating particles in biological research,
slectro-encephalographs for diagnosing brain disorders, and so on. These artefacts are
presented simply as existing devices which are of practical use to professionals in biological
fields and whose workings can be understood in terms of physics. There is no discussion of
how these artefacts evolved, or of the ways in which instrumentation has re-shaped our views
about what constitutes biological knowledge.

Giancoli (1984}

An undergraduate physics text by Giancoli (1984) makes no specific claims in its preface
about the relationship between physics and technology but doss in fact include discussions of
physics and technology in many places. The author frequently takes an existing instrument,
machine or engineering application, and then draws upon physics principles to explain how it
*works". Hydraulic brakes are explained in terms of Pascal's Principle; Bernoulli's principle is
used to account for the ability of sailing boats to move against the wind. Chapter 11, on
statics (*Equilibrium, elasticity and fracture”), supplements the usual physics concepts with
discussions of engineering applications, e.g. an explanation of why iron rods in reinforced
concrete are subjected to tension until the concrete has dried. Discussions of numerous
technological applications of physics (e.g. medical and communications applications of fibre
optics, microphones, tape-recorders, nuclear reactors) are woven into the text.

Occasionally, the text presents an historical treatment showing how an important technological
artefact developed from scientific research. The chapter on electric current begins with an
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account of Volta’s methodical re-examination of Galvani's famous observations on the
contractions that occurred when a fraog muscle was connected to a circuit containing dissimilar
metals. Galvani thought that this was due to "animal electricity’. Volta demonstrated that the
effect was due to the generation of electricity by the pair of dissimilar metals. This led him to
invent a pile of alternate zinc and silver discs, separated by cloth soaked in salt solution, the
first battery.

Other parts of the text contain information relevant to an understanding of the chronology of
science-technology relationships. For example, a chapter on optics notes that "The
development of optical devices using lenses dates to the sixteenth and seventeenth centuries,
although the earliest record of eyeglasses dates from the late thirteenth century” (p. 670). A
footnote to the section on telescopes (p. 679) comments that Galileo improved, but did not
invent, the telescope, and mentions both the date of the first Dutch telescope (1604) and the

z'e associated with an earlier italian one (1580). These optical instruments pre-date the
formulation of Snell's taw of refraction, around 1621. We can contrast this treatment with that
of Bueche and of Serway and Faughn. One chapter in Bueche takes the reader through
reflection, plane mirrors, ray diagrams, refraction (including Snell's Law) and thin lenses; a
later chapter deals with magnifying glasses, simple telescopes and compound microscopes.
Although an eminently /ogical sequence (the earlier chapter contains scientific ideas which
explain how the artefacts "work®), this is physics torn from its historical setting, a physics story
which misrepresents the technology story. No mention is made of the historical preced ince of
the technology over the science. Serway and Faughn adopt a similar ston-line. Readers of
these texts may be forgiven for believing that the technological outcomes resulted from
scientists’ knowledge about light rays and the laws of refraction.

in common with most undergraduate science texts, Giancoli has little to say about the process
of technological design (in the sense of conceiving, inventing, making and improving an
artefact). In one section (27-6), the text discusses the design of ammeters, voitmeters and
ohmmeters:

Suppose we wanted to design a meter to read 1.0 A at full scale... (p.527)

In this context, ‘design’ refers to the process of taking an existing artefact (a galvanometer)
and connecting other artefacts (resistors) to it appropriately in order to construct a system. A
separate later section (28-11) describes the design of the galvanometer:

The basic component of most meters, including ammeters, voltmeters and
ohmmeters, is a galvanometer. We have already seen how these meters are
designed...and now we can examine how the crucial element, a galvanometer, itself
works. (p. 553)

This paragraph is accompanied by diagrams showing the inner workings of the galvanometer.
The physics of the apparatus is then developed, and the reason for using semi-circular
magnetic pole pieces and for mounting the coil on a cylindrical iron core is explained. This
discussion of the "anatomy and physiology” of the galvanometer is consistent with the style of
presentation generally used throughout the text. The aesign process — the way in which the
galvanometer was conceived, invented, made and improved — is not menticied.
Occasionally, this aspect of science-technology relationships is woven into the plot (e.g. the
description of the invention of the Voltaic pile}, but such examples are rare.

Harvard Project Physics
The Harvard Project Physics course was developed for use in secondary schools in the 1960s.

It was one of the few science curricula which made a serious attempt to introduce students to
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aspects of the history of srience; however, it fails to recognise the role of technology and its
treatment of the history ot science reflects the dominant idealist view. In its account of the
history of astronomy (The Project Physics Course, 1970), the central players are the anciant
Greeks and the Renaissance Europeans, as if nothing of impartance happened in betwser .
The text refers to instruments designed by scientists e.g. Tycho Brahe's large wooden sighting,
device which improved the accuracy of measuring celestial positions. Copernicus’ calculation
of the. period of Jupiter, expressed in years, days, hours, minutes and seconds, is described,
but the fact that this scientific achievement rested on the technological creativity of the 13th
century Benedictine monks who developed the mechanical clock to regulate their daily
devotions is overlooked. Kepler's belief that the universe was driven by a gigantic mechanism
is dealt with in a single line; this powerful mental image could not have been conceived
without the mechanical inventions of the medieval technologists. Galieo's telescope is
mentioned; the medieval optical technology that made # possibie is not. The PSSC text
(Haber-Schaim et al., 1986}, in its section on the history of astronomy, follows a similar story-
line, with even fewer references to technology.

Oxtoby and Nacht-ieb {1990}

A recent college chemistry text (Oxtoby & Nachtrieb, 1990) explicitly recognises the ancignt
technological roots of modern chemical theory and practice. The chemistry of copper (pp.
703-706) is introduced with some speculation about how an early potter might have obtained
the metal by firing some ore in a kiln. This is followsd by a discussion of the use of
copper/arsenic alloy 5000 years ago to make axes, the invention of copper/tin alloy (which
gave the Bronze Age its name), and the use of brass (copper/zinc) by the ancient Romans.
Similarly, the section on the chemistry of iron (p. 706) acknowledges the extraction of the
metal by the Hittites in the Middle East 3000 years ago, the improvement of the process in
Greco-Roman times, and the development of the blast furnace in the 14th and 15th centuries.

McMurry (1890}

This introductory organic chemistry text is clearly written, profusely illustrated (including
computer-generated “three-dimensional® diagrams of molecular structures), and employs
innovative ways of presenting reaction mechanisms (vertically down the page, with text
alongside each step in the reaction). Alter a chapter on structure and bonding, nearly all the
remaining chapters discuss the properties of various organic functional groups. The very first
paragraph indicates the link between organic chemistry and technology: "the wood, paper,
plastics and fibers that make modern life possible are organic compounds® (p. 1). The next
page notes that

Modern chemists have become highly sophisticated in their ability to synthesize new
organic compounds in the laboratory.  Medicines, dyes, polymers, plastics,
pesticides, and a host of other substances — all are prepared in the laboratory, and
all are organic chemicals (p. 2).

The core material of the text is interspersed with a set of brief “interludes®, each a page or two,
frequently dealing with various aspects of technology. indusirial applications, history,
environmental concerns. The first interlude deals with the refining of petroleum for making
automobile fuel, oil, kerosene and asphalt, Another, "Natural Rubber®, describes the
technology of collecting, washing, drying, coagulating and vulcanizing of rubber, and notes
that mechanism of the vulcanization process (heating crude coagulate with sulphur) is "still not
fully understood” (p. 117). The unstated — and correct — message is that technological
advances can be made without complste scientific understanding. *Alkyl halides and the
Ozone Hole", discusses the environmental effects of using chlorofluorocarbons in aerosol
spray cans. "Organic Dyes and the Chemical Industry” gives a brief account of the invention of
the first synthetic dye, Perkin's mauve, in 1856. (The anecdote provides a nice example of
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how technological advances can be made through serendipity. Although Perkin was
investigating the reaction of aniline with potassium dichromate, the brilliant purple dye was
actually formed from an impurity in the aniline.) ‘“Industrial Uses of Simple Alcohols and
Phenols” describes the catalytic reduction of carbon menoxide with hydrogen to yield
methanol on an industriai scale, and the catalysed hydration of ethylene to form ethanol.

Chapter 13 ("Structure N=termination®) breaks the sequence of chaptsrs on functional groups
with an extendec' disc -sion of infra-red, ultra-violet and nuclear magnetic resonance
spectroscopy. The chaoter opens with an acknowledgement that "extraordinary advances
have been made in che- ical instrumentation®, presents a little physics and then discusses the
intarpretation of the spectra produced by the various instruments.

Although the text is clearly of high quality, some critical reactions (some minor, some mora
substantial) can be offered. The introductory comments about the link between the modern
laboratory and chemical technology are of course true; missing, however, is any
acknowledgement that medicines, dyes and fibres have been made for a few thousand years,
albeit much less successfully, prior to the advent of modern laboratories, and that even today,
some medicines and pesticides are developed by utilising as a starting point the technological
know-how of some indigenous Third-World tribes.

The chapter on spectroscopy is open to more substantial criticism. Spectroscopy is a classic
illustration of a field which lhde (1979, pp. 35-36) describes as requiring the mediated
mediation of hermeneutics. In contrast to instruments such as the dentist's probe or the
microscope (“directly mediated embodiments®, to use thde's phrase) which keep the observer
in close proximity to thi2 object of interest, the infra-red spectrometer generates data on
phenomenz aot directly available to the senses. The instrument’'s outnut (the peaks and
troughs on a printout) has to be ‘read’ and interpreted by someone ‘literate’ in the ‘language’.
A limitation of the McMurry text is that it goes straight from instrumental output to scientific
knowledge; the technological underpinnings are missing. Some texis treat instruments as
*black boxes®; in this text the box is literally invisible: the text contains no photograph, not
aven a line diagram, showing what any of the machines look like or how they work, let alone
any discussion of how they were conceived, made and improved. There is no discussion of
what capabilities a spectroscopist must actually have in order to prepare a specimen, mount it
in a machine, operate the machine, and interpret the output.

One might reasonably respond that undergraduate texts are already very large and contain
more information than can be adequately covered in an introductory semester or year. True:
the point of this discussion is not to criticise a good text for what it omits, but to indicate how
such a story-line can help to shape a particular view of the relationship between science and
the technological instrumentation upon which that knowledge rests. ARhough the text
explicitly acknowledges the importance cf the technology, its treatment indicates implicitly that
the technological details are not crucial for learners of organic chemistry: what matters is the
resulting scientific knowledge. A precisely paralle! argument can be mounted about the text's
presentation of industrial processes such as petroleum refining and alcohol production. The
brief discussion centres on the chemical reactions, without any reference to the chemical
engineering which is necessary for turning a laboratory reaction into an efficient, large-scale
and economic operation.

Salters and PLON

Several curriculum projects have attempted to integrate science and technology and bring
technology forward to centre stage. The Salters' projects in Chemistry and in Science
exemplify this approach. Ramsden (1992) describes several of the underlying principles; one
is that the instructional units are applications-led, so that "the motivation to cope with the
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demands of scientific theory arises out of the fact that the theory is introduced when the ‘need
to know’ is evident® (p. 14). Thus, in one typical unit (Seeing Inside the Body), students are
introduced to a range of medical diagnostic tachniques, including X-rays, and this is the
starting point for a study of radio-activity and various forms of radiation. The technology here
becomes ths focus of study, the twin emphases being scientific understanding of the
technology, and understanding of the uses of the technology. A similar approach is adopted
by the authors of a PLON-Vereniging physics text in the Netherlands (Kortland et al., 1880); in
one chapter, Verkeersveiligheid ("Traffic safety”), motor-cars, road surfaces, safety belts and
head rests provide the technological context in which scientific concepts of force, acceleration,
momentum etc. are introduced.

Although these illustrations clearly give a more central role to technology, they are still
essentially science courses. Little attention is given to the way the technology was designed,
made and evaluated; the courses are not centrally concerned with the development of
technological capability. in the Dutch material, a safety beit is treated simply as an artefact
which provides a force, spread out over time, in order to reduce deceleration in a collision.
Technological questions — What material should be used for the webbing? Where and how
should the belt be attached to the car? What is a good design for a buckle? — are not
considered. To the response that these are highly specific questions, not general principles
like Newton's Second Law, there is a counter-reply: precisely, this exempilifies one of the ways
in which technology differs from science.

A concluding note
It will be seen that there are wide discrepancies between the way in which science-technology

relations are presented in these science texts and the four criteria listed earlier. Texts which
acknowledge the historical priority of technology are rare. Ontological discussions are evan
rarer; the importance of instruments and tools may be recognised, but they are treated either
as black boxes or as illustrations of scientific principles, not as shapers of scientific thought.
Scientific knowledge is highlighted; technological capability is down-played. The close two-
way interaction between modern technologists and scientists in designing and making “high-
tech® artefacts is rarely discussed. All the texts cited make frequent references to technology:
their authors obviously recognise the importance and relevance of technology in science
education, However, the richness and complexity of science/technology relationships is
seldom portrayed adequately. The central purpose of the present article is to invite educators
(the writers of science texts and the university and school teachers who use them) to consider
devising story-lines which more accurately reflects the nature of the relationships between
these two great domains of human enterprise.

Acknowledgement
The helpful comments by my colleague Jol.n Loughran and by Paul Strube of the University
of South Australia on earlier versions of this paper are gratefully acknowledged.

REFERENCES

Bueche, F.J. (1975). Introduction to physics for scientists and engineers (2nd ed.) New York:
McGraw-Hill Book Company.

Burgess, T. (ed.} and the Royal Society for the Encouragement of the Arts, Manufactures and
Commerce (1986). Education for capability. Windsor; NFER-Nelson.

DEET [Department of Employment, Education and Training] (1989). Discipling _review of
teacher_education in_mathematics and scienge. Vol. 1. Canberra; Australian Government
Publishing Service.

Gardner, P.L. (1990). The technology-science relationship: some curriculum implications.
Research in Science Education, 20, 124-133,

b




94

Gardner, P.L. (1992). The application of science to technology. Research in_Science
Education, 22, 140-148.

Gardner, P.L. (1893). The historical independence of .chnology and science. The Australian
Science Teachers Journal, 33 (1), 8-13.

Giancoli, D.C. {1984). General physics. Englewood Cliffs, NJ: Prentice-Hall.

Haber-Schaim, U., Dodge, J.H. & Walte:, J.A. (1986). PSSC Physics (6th ed.) Lexington MA:
D.C. Heath.

thde, D. {1979). Technics and praxis {(Boston Studies in the Philosophy of science, Vol. 24)
Dordrecht, Holland: D. Reide' Publishing Company.

Ihde, D. (1983). The historical-ontological priority of technology over science. In P. T. Durbin
& F. Rapp (Eds.) Philosophy and technology (Boston Studies in the Philosophy of
Science, Vol. 80) Dordrecht, Holland: D Reidel Publishing Company.

Kane, J.W. & Sternheim, M.M. (1978). Physics (2nd ed.) New York: John Wiley.

Kline, R. (1987). Science and engingering theory in the invention and development of the
induction motor, 1880-1900. Technology and Cutture, 28 (2), 283-313

Kortland, K., Brouwers, J., Holl, E,, van Bergen, H. van Valkenburg, G., Pieters, M. &
Rdmgens, T. (1990). Interactie: fysica in thema's. Zeist: NiB.

Layton, E. (1971). Mirror image twins: the communities of science and technology in
18th-century America Technology and Culture, 12 (4), 562-580

Lowe, I. (1988). The relationship between science education and technology, and the
implications for teacher education. In Department of Employment, Education and
Training, Discipline review of teacher educatior in_mathysmatics and science. Vol. 3.
Canberra; Australian Government Publishing Service.

Mayr, O. (1971). The Chicago Meeting, December 26-30 1970 [of the Society for the History
of Technology]. Program Notes. Technology and Culture, 12, 238-240.

McMurry, J. (1990). Fundamentals of organic chemistry (2nd ed.) Pacific Grove CA:
Brooks/Cole.

Oxtoby, D.W. & Nachtrieb, N.H. (1990). Principles of modern chemistry (2nd ed.)
Philadelphia PA: Saunders College Publications.

Ramsden, J. (1932). Going in through both ears and staying there: The Salters’ approach to
science. The Australian Science Teachers Journal, 38 (2), 13-18.

Serway, R.A. & Faughn, J.8. (1892). College physics (3rd ed.) Fort Worth TX: Saunders
College Publishing.

The Project Physics Course (1970). Teacher resource book. Unit 2: Motion in the heavens.
New York: Holt, Rinehart & Winston.

AUTHOR
DR. PAUL GARDNER, Reader in Education, Monash University, Clayton, Vic. 3168.
Specializations: science and technology education; educational measurement and
evaluation.

106




Research in Science Education, 1993, 23, 95-103

THE HISTORICAL CONTEXT OF NEWTON'S THIRD LAW
AND THE TEACHING OF MECHANICS
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ABSTRACT

Many studies have shown that Newton's Third Law of Motion is not easy for
students to accept when they consider the interaction of two objects. A
number of prominent science educators believe that it should not be taught
to students before Year 11. This paper reports the results of a study of the
historical origins of Newton's Third Law with a view to identifying the context
from which it ernerged in the 17th century and the conceptual changes
which accompanied its emergence. Some of the possible implications of a
study such as this for improving the teaching of introductory mechanics are
discussed.

INTRODUCTION

In 1893 Mach claimed that "perhaps the most important achievement of Newton with respect
to the principles [of mechanics] is the distinct and general formulation of the law of the
equality of action and reaction, of pressure and counter-pressure® (Mach, 1960, p. 243;
Mach's em~hasis). It is not possible to understand properly the behaviour of real, everyday
objects consisting of a number of interacting parts without a correct concept of Newton's third
law (Gauld, 1992) and such a principle cannot simply be left for the more detailed,
mathematical treatment of mechanics in the senior high school physics course undertaken by
only a relatively small number of students. However, studies of student conceptions of the
forces between interacting bodies (see, .or example, Brown, 1989; Maloney, 1984) have
demonstrated that these rarely coincide with the physicist's {(or Newton's) understanding of the
relationship between these forces. This paper deals with the historical background to
Newton's own statement of the third law of motion with a view to identifying aspects of this
development which could assist the teaching of the law to modern day udents.

THE THIRD LAW IN NEWTON'S PRINCIPIA

In the English translation of the third edition of the Principia (Newton, 1729) Newton's own
statement of the third of his three laws of motion reads "To every action there is always
opposed an equal reaction; or the mutual actions of the two bodies upon each other are
always equal, and directed to contrary parts® (p. 23). Newton's examples, immediately
following this statement, include the forces of a finger on a stone and the stone on the finger,
the forces batween a horse and a stone (both of which are connected by a rope), the forces
batween two colliding bodies, and ‘attractions’ between objects - that is, forces, such as
gravity, which act at a distance rather than through direct contact (pp. 23-24).

In the Scholium which concludes this introductory section of the Principia (and precedes Book
1) Newton provided some indication of other work which, he claimed, supported the general
principtes summansed in his three laws of motion and the six corollaries derived from them.
In relation to his third law he referred to the investigations, using pendulums, into “the rules of
the congress and reflexion of hard bodies® carried out by Wren, Wallis, H:'vgens and Mariotte
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(p. 30) and he went on to describe his own experiments using tightly compressed balls of
wool and balls of steel, cork and glass. He concluded “thus the third Law, so far as it regards
percussions and reflexions, is proved by a theory exactly agreeing with experience® (p. 32).

Of those mentioned by Newton in this context the first to arrive at a general understanding of
the nature of collisions was Christiaan Huygens who produced a comprehensive solution for
what we now call elastic collisions in 1856 although the details were not published until 1703
after his death (Gabbey, 1980). Huygens was strongly influenced by Descartes’ Principles of
Philosophy (Descartes, 1644) as were many others during the 17th century. Newton, while
explicitly critical of scme of Descartes’ views (Kuyré, 1965), was also influenced more
positively by other aspects of Descartes’ thought (Herivel, 1965, pp. 42-53). Huygens
demonstrated the power of his analysis of elastic collisions to a group of people (including
Wren and Wallis) during a visit to London in 1661 (Hall, 1986; Yokoyama, 1972) and
summaries of the results of Wren, Wallis and Huygens were published in 1669 in the
Philosophical Transactions of the Royal Society.

ANALYSIS OF COLLISIONS IN THE 17TH CENTURY

Throughout the 17th and into the 18th centuries collisions between bodigs was the paradigm
for modelling the transmission of influences in many different phenomena such as gravity,
magnetism and light and Newton's laws of motion were developed in the context of impact
phenomena (Arons & Eork, 1964; Gauld, 1975). Descartes championed the notion of a
mechanical universe and attempted to develop a theory of mechanics from fundamental,
universally accepted principles. He began with the presupposition that God had created the
universe and that He preserved the quantity of matter and the quantity of motion within it
(Descartes, 1644, p. 215; see also Blackwell, 1966). From this presupposition a number of
principles followed.

(a) A body far removed from other objects remains at rest or continues with a constant
speed in a straight line.

L) When a moving body collides with another which has a greater resistance to change
the first will change its direction but preserve its ‘motion’ [our mv].

(¢) When a moving body collides with another which has a smaller resistarice to change
both bodies move together with the first losing ‘'motion’ and the second gaining an
equal amount (Descartes, 1644, pp. 217, 218).

For Descartes the direction in which an object moved was not involved in his concept of
‘motion’ which was thus treated as a scalar quantity instead of as a vector and so differed
from our modern ‘momentum’. For Descartes the results of collisions were brought about not
by the operation of forces but, in (b) above, by the nature of hard bodies and, in (c) above, by
God's maintenance of a constant quantity of motion as some passed from one body to
another (pp. 218, 219).

Descantes claimed that it was easy to calculate the outcome when two perfectly solid, isolated
bodies collided even though he did not carry through the calculation. However, he admitted
that *in our environment we do not ordinarily get perfectly solid bodies; so it is much harder to
calculate how the motions of bodies are changed by collisions with others® (p. 220).

Even an ardent supporter of Descartes such as Huygens soon realised that, for the ideal
situation that he considered, Descartes’ conclusions about perfectly hard, colliding bodies
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could not be correct. Huygens used an elegant procedure based on the notion that colliding
bodies should obey the same laws of impact whether viewed by a stationary observer or by
one moving with a constant velocity (Dijksterhuis, 1961, pp. 373-376). For example, two
bodies colliding head-on with equal speeds could be transformed into a collision in which one
was at rest by an observer who moved along with one of the bodies. From this perspective
the moving body now had a speed twice as large as it had for an observer at rest. For
Huygens these two collision were equivalent.

If a large body was at rest and a small, moving body collided head-on with it Descanes had
predicted that the smalier body would bounce back with the same speed, v. An observer
travelling along with it at a speed v as it approached the collision would see the larger body
approaching with a speed v towards the smaller body at rest. After the collision this observer
would see the larger body continue on with unchanged speed and the smaller one move off
in the same direction as the larger one with a speed of 2v. In this case motion would have
been created contrary to Descartes’ original presupposition. This conclusion also contradicted
Descartes’ second prediction (see (c) above) for the approach of a large body where he
expected both to move off together.

it was well known during the middle of the 17th century that if two ‘hard’ bodies approached
each other with the same ‘motion’ (i.e. with speeds inversely proportional to their masses) they
would rebound with their directions reversed but their speeds unchanged. In 1656 Huygens'
device enabled him to transform collisions between bodies with any masses and speeds into
this situation and so provided a general solution for collisions between hard bodies. in this
way he demonstrated that, in such a general collision, the relative velocity between the two
bodies maintained the same size but reversed its direction. He also showed that, while the
scalar sum of mv could change (in contradiction to Descartes' presupposition) the sum of mv?
was constant.

However in all of this quite sophisticated analysis Huygens refrained from using the concept of
force and worked solely from kinematical rather than from dynamical premises (Westfall, 1971,
pp. 151-152).

Both Wren (1669) and Wallis (1669) - the first dealing with what we now cali perfectly elastic
collisions, the second with perfectly inelastic collisions - based their analyses on an analogy
with the balance or the iever which dominated much of the study of force and motion in the
17th century (Hall, 1966). For Wren, balance existed when the speeds of approach were in
inverse proportion to the masses of the bodies since, in this case, the bodies bounced back
with, unchanged speeds (Hall, 1966). As much as the incoming speeds depart, in one
direction, from this condition so they must be compensated for by an equal amount
afterwards in the opposite direction. This led him to a correct analysis of all types of elastic
collision. Although the conception was different to that of Huygens, Wren’s solution was
immediately recognised as structurally equivalent to Huygens' (Hall, 1966).

In his analysis of collisions in which the colliding objects stuck together Wallis adopted an
impetus concept of force - force = weight x celerity (or speed) - in which the final forca of the
combined bodies, (W, + W,)C, was equal to (W,C, + W,C,} if the objects were travslling in
the same direction when they collided or (W,C, - W,C,) if they were approaching each other
(Wallis, 1669; Hall, 1966).

Mariotte published his studies of impact in 1673 and in them adopted a concept of the ‘force
of a body's motion’ which was effectively the medieval concept of impetus. Mariotte aiso
used the analogy of equilibrium for inelastic bodies so that two approaching bodies with
speeds inversely proportional to their masses (and so with equal ‘forces') would stop on
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impact. If these ‘forces' were not equal, motion would occur in the direction of the larger
‘force’ as in Wallis’ analysis. To understand elastic collisions Mariotte invoked the elasticity of
the bodies. Two approaching elastic balls with speeds inversely proportional to their masses
would, during the collision, come to rest with the balls distorted and stressed. In returning to
their original shapes the balls would rebound at their original speeds. Using a procedure like
that of Huygens or Wren, Mariotte showed that all collisions could be reduced to a collision
like that above by subtracting or adding the velocity both bodies had in common, that is, by
relating collisions to the common centre of mass of the two objects (Westfall, 1971, pp.
243-249).

Following the publication of the first edition of Newton's Principia in 1687, Huygens' analysis
of the laws of elastic impact was refined by Leibniz in 1692 (Westfall, 1971, pp. 291-292) and
summarised in three principles which we express today as

Uy - Up = V-V,
MU, + MU, = My, + mM,v,
mu? + myu? = mvy? + myv?

The first and the third of these were also enunciated by Huygens. The second is the faw of
conservation of momentum in its vector form.

NEWTON'S TREATMENT OF THE THIRD LAW BEFORE 1687

The first edition of the Principia was published in 1687 when Newton was 45 years old but the
direction of thought which it consolidated and clarified was established when he first began to
think systematically about mechanics sometime between 1664 and 1666 in his early twenties.
His earliest recorded investigation of the interaction of two bodies was the section headed "Of
Reflections® dated by Newton "Jan. 20th 1664" in what he called the *Waste Book™ (Herivel,
1965, pp. 132-135). The behaviour of bodies which stuck together after collision (that is,
bodies which according to Newton "have noe vis elastica [elastic force]”) was discussed with
reference to the principle of conservation of ‘motion’. Because the total ‘motion’ of both
bodies was unchanged after the collision of two approaching bodies the excess of ‘motiory
(i.e. the total 'motion’ treated as a vector) was shared between both bodies according to their
‘butke’ (or mass).

Within this same period Newton presented, in a list of *Axiomes and Propositions”, statements
which reprasent early versions of his third law. Fcr example Propositions 7 and 8 read:

7. If two bodies [a and b moving ?] against one another the same way towards C, (a)
overtaking (b) none of their motion shall be lost, for (a) presses [(b) as muchj as (b)
presses {a) and therefore the motion of (b) shall increase [as much) as that of (a)
decreaseth.

8. If two quantities (a and b) move towards each other and meet in O, Then the
difference of their motion shall not bee lost nor loose its determination [direction).
For at their occursion they presse equally uppon one another and therefore one must
loose noe more motion than the other doth; soe that the difference of their motions
cannot bee destroyed (Herivel, 1965, p. 142; Herivel's reconstruction of the text in
square brackets).




In Proposition 9 Newton claimed that, for two “equall and equally swift" bodies which rebound
after collision with the same speed they had before the collision, the balls would be distorted
SO that elastic forces between the balls would put a stop to their movements. As the shape of
the balls was restored the balls would gain as much speed as they lost but with their
directions reversed (p. 142).

At the beginning of Proposition 108 in the "Waste Book®, Newton stated an assumption which,
presumably, he expected to be acceptable to everyone: “Tis knowne by the light of nature that
equall forces shali affect an equall change in equall bodies™ (p. 157). Even at this early stage
in Newton's thought he seemed, in Propositions 119 to 122, to take the same attitude towards
what was to become his Third Law of Motion (see especially Proposition 119).
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121, If 2 bodys p and r meet the one the other, the resistance in both is the same for soe
much as p presseth upon r so much r presseth upon p. And therefore they must
both suffer an equall mutation in their motion.
119. if r presse p towards w, then p presseth r towards v. Tis evident without explication.
w
d e
¢ v
Fig. 1_Two-body collision from Newton's Waste Book {adapted from Herivel, 1965, p. 159)
120. A body must move that way which it is pressed.
122. Therefore if the body p come from ¢ and the body r come from d soe much that p's

motion is changed towards w, so much the motion of r will be changed towards v. i }']
vide prop. [?] (Herivel, 1965, p. 159; Newton's order). -

Following his discussion of the effects of forces acting on different bodies Newton dealt with

the movement of the centre of mass of two non-colliding objects and showed that this is
along a straight line with a constant speed. General collisions between two balls travslling

along paths which were not collinear were then treated using the principle that the motion of
the centre of mass was not affected by the collision (pp. 161-170).

Eventually, in his manuscript on the "Laws of Motion" (written before 1669) he discussed the
collision of nonspherical objects (pp. 208-213).

After breaking his investigation of mechanical principles for 15 years between 1669 and 1684
Newton took up the study again in the tract "De motu®. In the third version of this tract he
made a sharp distinction between innate force “by reason of which [a body] endeavours to
persist in its motion along a straight line" and the impressed force which brings about a
*change in the state of movement or rest [of a body]" (Herivel, 1965, p. 299).
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At about the sams time Newton produced drafts of six laws of motion in which Law 3 reads:

As much as any body acts on another so much does it experience in reaction.
Whatever presses or pulis another thing by this equally is pressed or pulled ... If a
body impinging on another changes by its force the motion of the other then its own
motion (by reason of the equality of the mutual pressure) will be changed by the
same amount by the force of the other. If a magnet attracts iron it is itself equally
attracted, and likewise in other cases (Herivel, 1985, p. 313).

Newton's early writings demonstrate how well developed was his notion of force as something
which produced change in ‘motion’ (or momentum) and was measured by the size of this
change. This is to be contrasted with the more prevalent view of his time, namely, that force
brought about a change of position and was measured by the size of the ‘motion’ (mv) rather
than the magnitude of its change. Even at such an early stage in his career Newton's analysis
of collisions strikes one as more sophisticated and general than those of Huygens, Wren or
Wallis. It provided a comprehensive treatment of two-dimensional as well as of one-
dimensional collisions which speaks clearly of Newton's genius and of the clarity of his
concept and its implications. The only significant (though not widespread) precursor to his
third law was the concept expressed by both Borelli and Wallis (Westfall, 1971, pp. 225, 241)
that the forces of the blows on each of two colliding bodies were equal and opposite but with
a magnitude equal to the sum of the ‘forces’ of each body before the collision.

The Principia does represent a development of his early position but it also displays remnants
of other views. For example, in Definition 1il, Newton's concept of "vis insita, or innate force of
matter® (Newton, 1728, p. 13) appears to be related to the notion of ‘impetus’ (the force of
motion) which was derived from medieval physics although he also called it “vis inertiae”
which relates to its property of resisting change (pp. 13, 14). In Newton's definitions it is
contrasted with the “vis impressae® (impressed force) of Definition IV (p. 14).

However, the ‘innate force of matter’ seems to have been distinguished in Newton's mind from
‘impetus’. Impetus was the force which a body possessed as a result of its mass and its
velocity and through which it could act on other bodies. On the other hand 'vis insita’ was the
force by which a body resisted change caused by outside influences. It acted on other
bodies only in the course of preventing change to itself by those other bodies. As Newton
wrote ‘it is impulse, in so far as the body, by not easily giving way to the impressed force of
another, endeavours to change the state of that other® (p. 14).

Even in Newton's third law his conception of ‘action’ (and ‘reaction’) is not totally consistent
with our present understanding of these notions (see Home, 1968). In the Scholium in which
he discussed evidence for his three laws, one example which, he claimed, supported the third
law was that of simple machines such as the lever, pulley, screw, and wedge (Newton, 1729,
pp. 33, 34). Action here was associated with the product of the applied effort of the hand and
its speed while reaction related to the product of the load and its speed.

IMPLICATIONS FOR TEACHING MECHANICS

If one is concerned to use history to contribute to the teaching of mechanics rather than for
teaching about the cultural context of mechanics four approaches can be identified.

* The topic can be taught by following the historical sequence ciosely and including
the quantitative aspects as well as the qualitative ones.
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One can teach the topic following the historical sequence but omit the quantitative
aspects on the grounds that they often cause problems for learners.

The conceptual development of the topic can be taught without reference to
idiosyncratic elements related to the people involved.

History can be used as a pool of potentially useful ideas which can be adapted for
use by teachers without any explicit reference to their historical context.

If one adopts the last of these approaches the characteristics of present day learners need to
be taken into account before deciding on the use which can be made of the historical setting
in which the third law developed.

For scientists in the 17th century the laws of motion were closely related to experiments in
which hard or soft bodies collided and pendulum experiments still offer a number of
advantages in discussing these laws with students today.

* Forces on different objects can be compared without reference to time (or, for equal
masses, without reference to either mass or time).

* The effect of gravity is cancelled by the effect of the supporting string so vertical
forces can be ignored.

External resistances are reduced to a minimum.

* The distance travelled by a pendulum bob to and from its lowest point is a good
measure of its speed at that point {(a fact well known to Huygens, Wren, Wallis and
Newton; see Newton, 1729, p. 30).

* Newton's third law can be introduced in a dynamic rather than a static context in
which it is so often misunderstood.

The most significant change which took place in 17th century mechanics was a modification in
the concept of force which determined how collisions were understood. A lengthy interview
which was conducted with two 4th year University students, who had completed first year
physics three years before, helped to clarify their understanding of what was happening in
such collisions. They observed a number of collisions between two steel pendulum bobs and
it became obvious that the concept of force which they possessed was very similar to the
impetus notion so often found among younger students. In an inelastic collision with one
stationary bob where the two bobs stuck together they believed this force was conserved and
resulted in a smaller speed after the collision because the mass was now larger. Two balls
colliding with different speeds and sticking together moved off in the direction of the larger
force and with a speed determined by the difference between the original forces. For an
elastic collision between bobs of equal mass (with one initially at rest) the force of the first was
transfarred to the second which moved off with the same speed as the incoming one; the
incoming bob experienced a force equal and opposite to its original force and so it stopped
dead. Two identical bodies, coliiding elastically with equal speeds, transferred their forces to
each other and bounced back. For these students the most puzzling event occurred when a
large, moving hob collided elasticaily with a small, stationary one and continued on after the
collision (although with reduced speed). They argued that, according to their understanding
of Newton's third law, the incoming bob should stop since the reaction force from the
stationary ball was equal to the force of the moving ball.
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Thus the context of collisions is one in which the implications of afternative conceptions of
force can be discussed and a change in student concepts encouraged. In a teaching
approach based on pendulum collisions students could explore, with or withcut assistance
from the teacher, some of the consequences of the “newtonian® understanding of force and
contrast it with their own. A distinction could even be drawn between the ‘internal’ force of a
moving body (to which Newton’s third law does not apply but which many students probably
adopt) and the ‘external’ force on a body (to which Newton's third law does apply).

Sorne features which were crucial in the historical development may not be so appropriate in
teaching mechanics. For example, the analogy between the lever and collisions which was
such a powerful influence during the 17th century may not be so fruitful for moder students.
They may find other images more appealing.

Newton's demonstration of the value of his notion of force as something which produced
change in ‘'motion’ was based to a large extent on the quantitative analyses of Huygens, Wren
and Wallis as well as on his own detailed explorations in the “Waste Book®. For some modern
students, dealing with the mathematical aspects of collisions could hinder understanding
rather than promote it and a qualitative treatment may be more effective in teaching. For
othars, a treatment using simple ratios for the masses and the speeds of the colliding objects
can be substituted for the fuller historica! analyses.

Evan if one wished to relate the pedagogical development more firmly to the historical context
the above consideraiions would still have to be taken into account in deciding just how this
should be done.

CONCLUSION
The similarity between the ideas of force held by modern students and pre-Newtonian
scientists indicates that a study of the conceptual change to a Newtonian view of mechanics
which took place in the 17th century could be a fruitful source of ideas for teaching
mechanics. The emphasis at that time on impact as the context in which the Newtonian
concept of force emerged suggests that this may have some advantages when teaching a
dynamic-interactionist notion of force in which Newton's third law takes on central importance.
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EFFECT OF CONTEXT AND GENDER ON APPLICATION OF
SCIENCE INVESTIGATION SKILLS

Mark W. Hackling & Patrick J. Garnett
Edith Cowan University

ABSTRACT

Two parallel versions of a Test of Science Investigation Skills were
developed to assess students’ application of science investigation skills in
biology and physics contexts. Repeated pilot testing and critical appraisal
were used to ensure the validity of the tests and their equivalence. Both
versions of the test were administered to 112 Year 10 science students. The
results indicated a satisfactory level of test reliability, the test set in a physics
context proved to be significantly more difficult than the test set in a biology
context, and mean scores for male and female students were not
significantly different.

INTRODUCTION

Considerable interest has been shown in scisnce investigations in the secondary school
curriculum in the past five yoars. Nationa! curriculum statements in the UK, New Zealand and
Australia have listed science investigation skills as important learning outcomes. In the UK
(Department of Education and Science, 1983) and Canada (Erickson, Bartley, Carlisle, Meyer
& Stavy, 1992) large scale testing of these skills has been conducted to assess levels of skill
attainment.

In Western Australia Hackling and Garnett (1991, 1992) have studied Year 7, 10 and 12 school
students, third year university students, and expert research scientists as they work on a
practical, laboratory-based investigation of the factors that influence the bending of beams
under load. These studies revealed that the students had limited skills of problem analysis,
planning and conducting controlied experiments, basing conclusions only on obtained data,
and recognising methodological limitations of their investigations. These studiss involved
working with individual subjects who produced think-aloud protocols and recording their
manipulations of apparatus on video tape. As a consequence of the methodology choset.,
the studies were limited to small sample sizes and to a single investigation set in a physics
context. This study used a pencil and paper test methodology that would allow testing of
larger sample sizes and the assessment of students’ abilities to apply science investigation
skills in different contexts.

The purposes of this study were to; (a) develop a pencil and paper test of science
investigation skills and assess the reliability of the instrument; (b) use the instrument to assess
Year 10 science students’ attainment of science investigation skills and knowledge; (c)
compare the performance of students on versions of the test set in physics and biology
contexts; ar (d) compare the performance of male and female students on the test.

METHOD

Instruments

Two parallel versions of the Test of Science Investigation Skills (TOSIS) were developed. One
version was set in a physics context and was closely patterned on the bending beams task
used in the practical tests conducted previously {Hackling & Garnett, 1991). The second

116




1058

varsion was set in a biology context and involved an investigation of factors influencing the
growth of cucumbers. The test comprised five open-ended questions related to the biology or
physics context and a set of seven multiple choice questions which was common to both
tests. Repeated pilot testing and critical appraisal were used to ensure the validity of the tests
and their equivalence.

Both versions of the test assessed students’ abilities to:
* identify variables for testing in an investigation;

identify dependent, independent and controlled variabies from a description of an

experiment;

* write an hypothesis;

select an appropriate definition of hypothesis;

plan an experiment with control over interfering variables and with an adequate sample

size;

evaluate an experimant identifying any lack of control of variables or inadequacy in

sample size;

draw appropriately tentative conclusions from experimental results,

recognise that scientific conclusions are subject to revision;

recognise that results ought to be accurate and repeatable; and

select an appropriate definition for theory.

*

* * *» =

Subjects and Procedure
Both versions of the test were administered to 112 Year 10 students from five different science

classes selected from four Perth schools in low, medium and high socioeconomic areas. All
classes were drawn from the top half of the population in terms of science achievemen? An
equal number of students did the biology and physics versions of the test first. Equal
numbers of male and female students participated in the study.

RESULTS AND DISCUSSION

The correlation between the students’ total scores for each version of the test was 0.77 which
indicates a satisfactory level of test reliability.

Application of Science Investigation Skills

The performance of students on the context-specific open-ended questions and the common
set of multiple choice questions is summarised in Tables 1 and 2 respactively. These data
from the pencil and paper TOSIS test are compared with the results from the practical
investigation test previously reported by Hackling and Garnett (1591).

ldentification of variables. On the practical test (Hackling & Garneit, 1991) many students
commenced the investigation by identifying variables for testing, although most potential
independent variables were identified by students while experimenting. None of the Year 7,
10 or 12 students used the terms variable, independent, dependent or controlled variable
while working on the practical investigation.

On the two versions of the pencil and paper test (TOSIS) students were fairly successful in
generating three relevant variables for testing (37% physics, 78% biology) aithough context
appears to influence the difficulty of the task. On the multiple choice questions students were

117




108

TABLE 1
STUDENT RESPONSES TO THE CONTEXT SPECIFIC, OPEN-ENDED
QUESTIONS ON THE PHYSICS AND BIOLOGY VERSIONS OF THE TEST

Question Skilt Percentage of stud<, *5
Physics ~lat0Qy
version + Nion

Q1. ldentified three relevant variables

for testing. 37 79

Q2. Wrote an hypothesis as a relationship

between an independent variable

and the dependent variable. 40 34
Q3. Controlled the two main interfering

variables. 34 19

Planned to conduct experiments “under

the same conditions®. 2 18

Specified how the dependent variable

would be measured. 25 31

Planned for an adequate sample size. 1
Q4. Recognised that the experimental design

is poor and therefore conclusions must

be tentative. 5 2

Formulated an appropriate conciusion. 81 88
Qs. Recognised that a key variable was not

controlled. §5 33

Recognised that the sample size was

inadequate. 0 4

also able to distinguish between typas of variables with 88%, 78% and 61% of students able to
identify the independent, dependent and controlled variables respectively, from the description
of an experiment. This provides an interesting contrast with students’ work on the practical
test where the terms relating to variables were not used. It appears from this that many Year
10 students are aware of the terminology and can identify types of variables but the
terminology has not been integrated with their investigations procedural knowledge, or is
simply seen as theory and is not part of the language register of laboratory work. Toh and
Woolnough (1993} discuss similar language factors limiting the extent to which students’
control of variables is fully reported in students’ written records of investigations.

Hypothesising. On the practical test (Hackling & Garnett, 1991) only four of 30 students
mentioned the word hypothesis, none formulated an hypothesis to guide their work. On the
psncil and paper test less than half of the students (40% physics, 34% biclogy) were able to
formulate an hypothesis written as a relationship between an independent variable and the
dependent variable. On a multiple choice item significant numbers of students selected
answers corresponding to the misconceptions that hypotheses can be proven to be true
{21%) or hypotheses are theories that have been verified (14%). Further confusion about
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TABLE 2
_ STUDENT RESPONSES TO THE MULTIPLE CHOICE QUESTIONS
B COMMON TO BOTH VERSIONS OF THE TEST

B Question Knowledge or skill Percentage of students
= Qeé. Identified the independent variable from a
description of an experiment. 88
Q7. Identified the dependent variable from the
description of an experiment. 78
- Q8. Identified a controlled variable from a
description of an experiment. 61
Q9. Selected a definition of an hypothesis as *a
tentative explanation that can be tested". 59
Had the misconception that hypotheses "can
be proven to be true®. 21

Had the misconception that an hypothesis
“is a theory that has been verified by
other scientists". 14

Q10. Reccgnised that experimental results should

=5 be "accurate and repeatable”. 7
‘j.‘ Had the misconception that experimental

=7 results should be “tentative and subject

. to change". 20

Q1t.  Selected a definition of a theory as
— "explanations that have been supported by

the results of many experiments’. 41
=t Had the misconception that a theory is an
= *hypothesis that needs further testing". 40

Had the misconception that theories are
*hypotheses that were not supported by the
results of experiments®. i85

Q12.  Recognised that scientific conclusions are

;»'.".' *subject to revision”. 79
s Had the misconception that scientific
-3 conclusions "are accepted by everyone®. 12

hypotheses and theories were revealed on another multiple choice question where 40% of
students had the misconception that a theory is an hypothesis that needs further testing, and
15% thought that theories are hypotheses that were not supported by the resuits of
experiments, There appears to be much confusion regarding the nature of hypotheses, types
of hypotheses, and the difference between hypotheses and predictions (Wenham, 1983).
Clearly there is a need for more effective and explicit instruction regarding the concept of
hypothesis.
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Planning a controlled experiment. On the practical test none of the students verbalised an
intention to control variables as they planned and conducted their experiments, The
experiments they conducted exhibited poor contro! of variables. When asked to plan an
experiment to test a given hypothesis on the written test, approximately a third of the students
(36% physics, 37% biology) either explicitly controlled the two main interfering variables or
stated that they would conduct their experiments “under the sarne conditions®. There was a
total of six variables that needed 10 be controlled in the experiments students were asked to
plan. Students’ plans, on average, controlled 1.34 variables on the physics version and 1.26
variables on the biology version of the test. Other noticeable features were that only a modest
proportion of students (25% physics, 31% biology) specified in the plan of their experiment
how they would measure the dependent variable, and a very small number of students (1%
physics, 9% biology) specified an adequate sarple size.

Interpreting_the_results from an experiment, and recognising methodological weaknesses. On
the practical test half of the Year 10 students went beyond their experimentai data in drawing
conclusions. On the written test students were presented with information about how an
experiment had been conducted and the results from the experiment. Most students (81%
physics, 88% biology) were able to draw appropriate conclusions although only a few students
(5% physics, 2% biology) recognised the methodological weaknesses in the experiment and
that the conclusions must therefore be rather tentative,

The next question on the written test asked students to identify any aspect of the expariment
that might contribute to inaccurate or misleading resuits or conclusions. When specifically
prompted, some students (55% physics, 33% biology) were able to identify lack of control
over variables but almost none of the students (0% physics, 4% biology) were able to
recognise the totally inadequate sample size. In the debriefing at the end of the practical
investigation students had great difficulty in identifying the methodological limitations of their
work.

Effect of Context Both versions of the test had five open-ended context specific questions.
These questions had a maximum possible score of 16. The mean total score for all students
(N=112) on the context-specific questions in the biology version of the test was 6.31 (st dev
2.74) and 5.57 (st dev 2.74) on the physics version of the test. The physics version of the test
was significantly more difficult than the bioiogy version {t = 3.34, p <.01 for a two tailed t test
for paired data).

Both versions of the test required students to work with the same number and types of
variables, and to perform the same operations on the given information. Familiarity with the
contexts of the tasks appears to have influenced the difficulty of the two versions of the test.
The physics version based on an investigation of the effect of beam characteristics on the
amount they bend under load is probably less familiar to many students than the biology
version based on an investigation of factors influencing plant growth. The most noticeable
differences in student performance were related to identification of variables to be tested (37%
vs 79%), identification of variabies to be controlled (34% vs 19%), and recognition of
uncontrolled variables (55% vs 33%). it would be expected that students' famitiarity with the
phenomena would influence their knowledge of important variables. Domain specific
knowledge and performance on these tasks arse inexiricably linked (Woolnough, 19¢€1).

Effect of Gender The two versions of the TOSIS test had a maximum possible total score of
23. On the biology version of the test male students (N = 56) had a mean total score of
11.13 (st dev 3.31), female students (N = 58) had a mean total score of 11.04 (st dev 3.89).
On the physics version of the test male students (N = 56) had a mean total score of 10.57 (st
dev 3.27), female students (N = 56) hat a mean total score of 9.86 (st dev 3.57). Males had
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a slightly higher mean score than females on both versions of the test. The difference
between male and female scores was greatest on the physics version. None of the
differences between means was statistically significant,

CONCLUSIONS

Although this paper and pencil test of the knowledge and skills associated with science
investigations has limitations because of the testing mode it has provided data that
complements the findings from the practical test upon which this written test was modeliad.
Many of the Year 10 students experienced difficulty with the concept of hypothesis and theor,,
formulating hypotheses, planning experiments that control variables and utilise an adequat.
sample size. The results of both the practical and written tests indicate that studerits are likely
to place far too much confidence in experimental {indings because of their lack of awareness
of methodological weaknesses in the experiments by which the data were generated.

The significant effect of context on test difficulty may be related to the students’ familiarity with
and knowledge of the phenomena investigated in the test. There was no measurable effect of
gender on test performance on the pencil and paper test. This resuit was consistent with the
findings of the practical test on which individual differences appeared to be far greater than
any differences between males and females.
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*HANDS ON - MINDS ON": INTRODUCING OPENNESS INTO
SENIOR BIOLOGY PRACTICAL WORK

Mavis A. Haigh
Auckland College of Education

ABSTRACT

This paper outlines some initial findings from research on senior secondary
Biology students carrying out open investigations. The study focuses on a
group of 28 Form 6 {year 11) students in a large urban co-educational
school. Initial findings indicate a mismatch between the students’ declared
confidence of their ability to plan open investigations in Biclogy and their
demonstrated competence. Other factors germane to the introduction of
problem-solving activities of an open nature into senior Biology programmes
are discussed as are the implications of these for further research and
classroom practice,

INTRODUCTION

Practical activities in science may be termed "open® if students are given the initiative for
finding solutions to problems (Simon, Jones, Fairbrother, Watson & Black, 1992). This
approach requires students to accept responsibility for making dscisions regarding their
practical investigation and are required to integrate knowledge and skills from a wide variety of
sources and contexts. Investigations can be "open® to varying extents along three continua
of definition of task, choice of method and expected outcome.

The re3earch which generated these initial findings forms part of a collaborative action
research programme involving the author and four teachsrs of senior biology in a large urban
co-educational school. The research is focussed on practical work in senior biology, in
particular at the Form 6 (Year 11) level where initial observations indicate that *recipe
following® experimentation is common i.e., students follow carefully detailed teacher developed
instructions. The research strategy we are following is a process of negotiated intervention as
defined by Jones, Simon, Black, Fairbrother and Watson (1993).

In the early stages of 1993 | visited the classrooms to become conversant with the existing
teaching learning situation and to enable the students to become used to my presence in their
classroom. We administered a student survey of the students’ declared confidence with
aspects of carrying out of an investigation, and followed this immediately with all students
writing out their individual and group designs for an investigation of a simple contextual
problem. Following this the students were asked to design and carry out a complete
investigation, recording their decision-making and their findings in a work book formatted for
ease of analysis. | continue to visit the Biology classrooms and to discuss the progress of the
project with the teachers, planning future interventions and discussing and monitoring any
changes to the teaching styles of the teachers involved in the project.

This paper reports on the student survey, their planning for an investigation of the simpie
contextual problem and their design and performance in the complete investigation.
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IN CARRYING OUT AN INVESTIGATION

Method

All 98 students in four classes completed a questionnaire designed to establish their felt
(declared) confidence about various aspects of an investigation. Fourteen aspects of process
of investigating were identified. The broad themes were focussing and planning, information
gathering, processing and interpreting and reporting. The expected sophisticat.on of the
students with regard to their ability at carrying out an investigation was based on the
statements at level 6 in the "Developing scientific skills and attitudes™ learning strand in the
draft New Zealand Curriculum Statement in Science, Ministty of Education, (1992). The
aspects were written in language not expected to be difficult for Form 3 students and were
tried out with students from another secondary school. Sample item: * | can make
hypotheses (predictions)" The response made for each item was Very confident / Reasonably
confident / Not very confident / Not confident at all, scored 4 / 3 /2 / 1. The average
ratings were then ranked. The results are shown in Table 1.

TABLE 1
ASPECTS OF INVESTIGATION RANKED ACCORDING TO FORM 6 BIOLOGY
STUDENTS’ RATING OF THEIR CONFIDENCE iN ACHIEVING THEM

ASPECTS OF INVESTIGATION Ranking | Rating
| can take measurements using appropriate measuring devices. 1 3.51
| can present data in an appropriate form. 2 3.34
I can select appropriate equipment to carry out an experiment. 3 3.29
| can make decisions about how many times to repeat an 4= 3.12
experiment.
| can use appropriate language and layout when presenting what | 4= 3.12
have found out.
| can make decisions about how many animals or plants to use 6 3.11

when | am doing an investigation.

| can make conclusions. 7 3.02
I can analyse data. 8 3.01
| can make hypotheses (predictions). 9 2.98
I can do an investigation where there is more than one changing 10 2.88
factor.

i can say when it is appropriate to apply what | have found to other 1 2.82
situations.

t can justify my conclusions. 12 2.76
| can re-design experiments when my first results are unconvincing. 13 2.69
| can identify the sources of error in my experimental method. 14 268

1zo
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Analysis and discussion_of findings

The *declared confidence® scales indicate that the students express more confidence with
regard to the imore mechanical aspects of carrying out an investigation and much less
cenfidence with aspects of an investigation which require analysis and critical thinking.

The correlation coefficient for the total confidence ratings of the 88 students with their
expressed confidence at aspects of planning an investigation was 0.85, indicating a clear
positive correlation.

The survey data were enriched by discussing the outcome with the students involved to
provide further elaboration of their responses. Three of the four classes were involved. The
students indicated that they could not remember having to make decisions regarding such
things as numbers of animals or plants to use, the number of times an experiment could be
repeated, and possible sources of error in a method. Rather, they indicated that in previous
experimental work at Form § they had usually been following a method which had been given
to them by their teacher. A high percentage of the students had carried out investigations for
Science Fair projects but did not immediately relate these experiences to classroom
investigations. Others, however, indicated that Science Fair work was much more demanding
than classroom practical work.

In a Science Fair project you are doing much more thinking for yourself. You are not
getting fed information from the teachers on what the results should be. You are
actually getting your own results and making decisions tor yourself. (Form 6 girl -
personal conversation May 1993)

This survey analysis has resulted in the formulation of questions for the devesloping research.
How can students be encouraged to reflact on the process of investigation? Would students
benefit from the opportunity to repeat experiments rather then moving on to ths next 'topic'?
Is there poor transferral of cognitive skills from one practical situation to another. Can the
transferral of skills be increased? If so, what strategies could encourage this transfer?

STUDENTS' PLANNING OF AN INVESTIGATION IN A GIVEN CONTEXTUAL SITUATION
Method
Immediately foliowing the administration of the survey described above the students were

asked to plan an investigation to test a hypothesis relating to a particuiar context described in
Box 1.

Box 1 Green streams!

A small very slowly moving stream flows through the corner of your school
grounds. You have noticed that the water has become much greener than
it usually is. When you discuss this with other members of the class
someone mentions that the school playing field had been fertilized recently.
Had the ferilizer washed into the stream?  Perhaps an increase in the
amount of these chemicals present in the stream had caused the increase in
the numbers of small plants. © Mavis Haigh

The students were given 15 minutes to plan the investigation individually, followed by 20
minutes where they worked in small groups to arrive at a group plan. They were encouraged
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to write down the method with as much detail as they could, and to use labelled diagrams to
illustrate their method if they wished. if they changed anything they were asked to indicate
this modification and say why they made the change. They were also told that at the end of
the individual working time they should be ready to "argue the case" for their method.

In addition to producing a written record of the group plan the students were asked to indicate
* those aspects of their original plan which were not used in the group plan and the
reason for this non-use; and
* those students whose ideas were used most.
While the groups were preparing the group plan one group from each class was audio-taped.
Their discussions have been transcribed and analysed.

The individual and group plans were collected and rated according to a score sheet designed
to reflect the original statements regarding "planning an investigation™ in the confidence
survey. The aspects were rated for Strong indication/ Moderate indication/ Weak indication/
No indication at all, scored 4/3/2/1. The mean and standard deviation of the actual planning
scorss were compared with that of the students’ declared planning confidence scores.

Analysis and discussion of findings

A significant number of the students tested for presence of the fertilizer in the stream water. A
smaller number planned to investigate the relationship between fertilizer concentration and the
density of small plants in the stream. The scoring method allowed for this variability in
response.

The students demonstrated most difficulty with aspects related to obtaining reliable results.
Most students did not plan to repeat the experiments or use an appropriate sample size.

The correlation coefficient for individual and group planning scores over the total student
population was 0.44 indicating a moderate correlation.

A first look at the relationship of ‘group scores’ to the individual scores of the members of the
group indicates that in some instances the group plan scored lower than the plans from
some, or all, of the individuals in the group. [t appears that this was partly determined by the
group member who had most influence over the group decisions, as indicated by the
students. In several cases a workable plan was rejected in favour of a less rigorous design.
Further analysis of this data is being carried out.

Analysis of the audio-tape material from four groups of students designing the group plan for
the "Green streams"” investigation indicates that the students:

* have some understanding of the need for careful control of variables and the use of a
control, In one short 10-minute transcript the students used the term control six times,
e.g. "Would it be called a control like if, say, we got a sample of the fertilizer and mixed it
with water?”

or the idea of controlling variable is implied, for example, when they were discussing how
to get plants for the green streams investigation
81 No, if you get them from the pet shop ... anything else could have happened to
them...
S2 But at least they are the same ...
83 They are the same...
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* have some understanding of the time span necessary for completion of the investigation,
e.g. "Yeh, how would you watch them [plants growing in fertilised stream water] though?
‘Cos it would just take so long, you know."

* have difficulty in making decisions regarding the required accuracy and frequency of
measurement taking, for example, after a discussion as to how long to take
measurements of plant growth

S1 A weekl
S2 Oh, not a week
S3 it wouldn't take that long
and
S1 Observations of what? .
S2 No, you need measurements because you can hardly say, "OK Bigger than
yesterday” because you can't remember how big it was yesterday so you will need to
take measurements.

* often do not put all the information they have down in writing, for example, one of the
boys says clearly "Just put insufficient knowledge to test pH levels” but on the written
sheet this is translated by the scribe as “didn't know how to test”

and

S1 Take two artificially cultivated samples of ...

S§2 Spell it, take...

S1 Ariificially ....[not spelling, just repeating]

S$2 Why not just say samples ...? [which is written down)
(T3 students 5/4/93 - transcript)

Group planning transcripts also record cooperative decision making and indicate that group
discussion triggers ideas.

The students' mean planning confidence score was 18.61 (SD 2.22) and the students’ mean
actual planning score was 11.13 (SD 2.28). A two-tailed, t test for paired data indicated a
significant difference in these means at the 5% probability level.

This phase of the research suggests the following questions for further investigation:

If students are encouraged to write in their own words the hypothesis (prediction, question)
that they are investigating will this enhance focussing on the investigation? When individual
planning is followed by group planning what is the effect on the design? Would student
understanding of the rocess of investigation increase if they are encouraged to discuss this
with each other and with their teachers?

STUDENT PLANNING OF A COMPLETE INVESTIGATION

Introduction_and Method

Although carrying out an investigation can be divided into phases such as focussing,
planning, information gathering, processing, interpreting and reporting, the process is not
sequential and students will be modifying their plans and actions as they proceed. To assess
and evaluate student ability in this regard the students were given a complete investigation to
plan and carry out. {Box 2)




115

Box2 How much Factor X?
Imagine that you are working for a company that extracts substances from living
material. You are asked to find a good source of a substance called Factor X (for
secrecy purposes). It is known that Factor X occurs in a wide variety of living
things. Previous investigations have shown that Factor X occurs in potatoes, celery,
broccoli and carrots.

A simple test for Factor X is to pour a small quantity of hydrogen peroxide on to the
material which is thought to contain Factor X. A foam is produced. The amount of
foam produced indicates how much Factor X is in the material. Your job is to find
the best source of Factor X from the four given plant materials.

Your esmployer wonders if it may be possible to preserve the plant material by
heating it to boiling point so that it can be stored until it is required. Does this
heating affect Factor X?

You will need to tell your employer the reasons for your decision. You do not need
to worry about extracting Factor X.

You are provided with the plant materials as well as some apparatus which should
be helpful.

HINT: Remember to carry out a “fair test”. You may need to consider the amount of
the living material which you use and the surface area of this which will react with
Factor X..

© Mavis Haigh - adapted from Gayford (1989}

This investigation was timed to coincide with the topic of enzymes which some of the students
had already studied and investigated experimentally. Others had neither studied enzymes nor
carried out any enzyme-related practical activities. The teachers involved filled in a sheet
indicating these factors and any other information they considered relevant to student
achievement. Students were given a work sheet which included spaces for them to write the
hypothesis in their own words, their initial plan, an indication of any modifications they may
have made to their plan, their data, and their “report to their employer”.

Analysis and discussion

At the time of preparation of this paper, two of the four classes had completed the
investigation and returned the worksheets. The students in one class had previously carried
out a similar investigation into the activity of enzymes in liver following detailed instructions.
The other students had no previous practical or theoretical experience of enzymss. Each
group is discussed separately.

Students with previous experience relating to enzymes. | had briefly discussed the
findings of their "Green Streams” planning activity with this group. All students were able to
make a personal prediction relating to the investigation. Analysis of both their written records
and the transcription of their group discussion indicates that the students were carefully
considering techniques for improving the reliability of their results. The areas covered in their
discussions included:
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an attempt to keep variables as constant as possible, for example they talked about:
whether or not ali samples had to have the skin removed;

whether the samples had to be of the same size and weight;

whether the samples had to be ground up with a mortar and pestle, and

how much of the hydrogen peroxide had to be used.

4

4

»

precision with experimental techniques, for example they considered:

* whether the boiled vegetables needed to be cooled to room temperature before the
addition of hydrogen peroxide;
what kind of measurements they should take; and

* that several kinds of measurements could be used.

The students wished to use a contro!, though just how this was to be accomplished, and what
was appropriate was sometimes rather uncertain:

S1 1| sort of thought we should use a control for the experiment like freeze one, boil one

and then leave one at room temperature.

82 But you weren't asked to freeze one,

S1 I know, but you've got to use a control.

S3 Use the one at room temperature.

S2 Yeh, but why freeze it?

In general the transcript records considerable conferring regarding the experimental
—_ procedures the group was to follow.

_F The mean planning score for the students in this class who had planned both "Green streams®
— ] and °“Factor X® increased from 109 (SD 3.7) to 12.4 (SD 3.4). A two-tailed t test for paired
T data indicates a significant increase in these means at the 5% probability lavel. This could
_.t indicate that, with practice, there is a slight increase in the ability to plan an investigation.

Students without previous experience relating to enzymes. The teacher did not give each
student a task sheet to read but instead read the task through twice, instructing the students
-7 to write down important points. All students used the set work sheet. | had not discussed the
) findings from the "Green streams® planning activity with these students before they carried out
Ze the Factor X investigation. The students had recently investigated the rate of change of weight
S of potato cubes in different sugar concentrations. The written records of the initial plans and
madifications to these indicated that:

* the students could write out what they were expected to do in their own words and make
a prediction;

* the students related this exercise to the procedures used by them during a recent
investigation;
the students made modifications to their planned approach after group discussion,;
the students found it necessary to make modifications to their experimental design as
they progressed through the investigation;

* eleven of the 23 students in this class were thinking about possible sources of errors in
their method; and

* the students had not reported that they had considered the need to repeat their

- experiments.

The mean planning score for the students from this class who had planned both *Green
streams" and *Factor X" increased from 11.9 (SD 2.5) to 12.8 (SD 2.2). A twc-tailed t test did
not indicate a significant difference in these means.
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This phase of the research suggests the following questions for further :.:.astigation. How
does immediate previous theoretical study and practical experience influe. .¢ Jecision making
during an investigation? What is the best way to give feedback and support to students
regarding the process of practical investigation?

IMPLICATIONS FOR CLASSROOM PRACTICE

Students beginning a study of biology at Form 6 bring with them the practical skills they have
developed and practised in the junior secondary school. Much of the practical work at the
junior level is teacher-directed with students following set instructions. If students are to make
a transition to open work in Form 6 biology then the initial findings from this research indicate
that many of the students require guidance regarding what is expected of them, support while
they are engaged in open investigations, and feedback regarding their techniques and
findings.
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POST-PRIMARY SCIENCE TEACHERS' PERCEPTIUONS OF PRIMARY SCIENCE EDUCATION

Bruce Jeans & lan Farnsworth
Deakin University

ABSTRACT

Post-primary science teachers in Victoria were askad to express views about
primary science curriculum design and implementation. They were also
asked about the value of continuity bstween primary and post-primary
science education. The post-primary teachers generally had favourable
attitudes to primary science education and considered that cooperation
would be useful - though it 1s not common at the moment. However, the
data revealed a considerable range of opinion. Post-primary science
teachers’ views about primary science curriculum are similar to those of
primary teachers themselves, but many post-primary teachers would place
more emphasis on formal or textbook knowledge. Post-primary teachsrs
see a number of systemic problems in implementing primary science
education but their positive perceptions suggest the value of encouraging
more structured links. The notion of continuity across the two sectors was
well supported.

INTRODUCTION

The lack of continuity of school science education across the interface between the primary
sector and the post-primary (secondary) sector has been a matter of some interest for many
years (Williamson, 1981; Barber & Mitchell, 1987; Dawson & Shipstone, 1991). The issue of
continuity has been made more significant because of teacher beliefs that primary science,
while important and often exciting for both children and teachers, is often inadequate in terms
of time and resources, teacher knowledge, teacher confidence, and program quality generally
(Jeans & Farnsworth, 1992). There is also a strong possibility that the views of science
education may be different among teachers at the two levels. Teachers' knowledge and
beliefs about science education are a significant factor in how they respond to innovation and
change and in their willingness to be involved in program development and renewal.

The past decade has seen renewed interest in the structure of schooling and in the interface
between primary and post-primary schooling. There has been heightened awareness of the
need to develop better primary science education programs. This has well documented for
the United Kingdom {Sheldrick, 1891) but it true of many countries. It is now considered to be
SO important that central governments want to be directly involved as was the case in Australia
when in 1989 the Commonwealtth government reviewed science education in teacher
education programs {DEET, 1989). Science education programs have changed over the last
{ vo decades and one result is that many more children are entering post-primary schools with
a greater exposure to the ideas and skills of science - the overall effect is uncertain but the
trend is reasonably clear. Some scholars have concerned themselves with modeis of
articulation of primary and post-primary curricula and have helped clarify the different
approaches that might be taken - for example, a "clean slate* view or a "build on" view {Barber
& Mitchell, 1987). It is also apparent that there are differences in "style® and that there are
major differences in the belief systems of primary and post-primary teachers. In some cases
beliefs are so firmly held that they work against the smooth transition of students from one
school sector to the other. They certainly work against curriculum continuity. There has
however, been interest in the extent to which specialist post-primary science educators and
primary teachers can collaborate for the improvement of science education at the primary
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lovel, and its articulation with science education at the post-primary level (Ministry of
Education, 1987).

Different teacher education programs, different school organisations and different role
structures have all combined to produce and maintain two distinct cuitures -the generalist
primary (or class) teacher and the post-primary specialist (or subject) teacher. These cultures
should not be dismissed as surface manifest-ations of minor differences between people
engaged in a common task. The differences are deep-seated and are sustained by many
environmental or contextual factors. There is little doubt that the different value systems
inherent in the two cultures have inhibited effective liaison and cooperation between the
sectors. As is so often the case in human affairs, lack of detailed knowledge about science
education in the two sectors has led to misunderstandings and generalisations of doubtful
validity. For example, Barber & Mitchell (1987) reported that some post-primary sciance
educators thought that: primary teachers are not sufficiently trained to teach science; they pick
out all the best experiments so that by the time we do them properly the children are bored;
the children are supposed to have done science but they can't even measure properly; safety
education can’t be done properly at primary level.

We suggest that there are also misunderstandings on the part of primary teachers. However,
these are different in content. In general, the effect of such misunderstandings is to lower
teacher confidence because post-primary science education is seen as highly academic and
requiring special equipment. Furthermore, it is highly probable that the perceptions that many
primary teachers have of post-primary science education is based on their own, unsatisfying
experiences of science education in the post-primary school (Appleton, 1992; Segal &
Cosgrove, 1992). Negative perceptions of post-primary science education are not restricted to
primary teachers and awareness of this effect has led to significant attempts to improve the
quality of science teaching and learning at the post-primary level (Baird & Mitchell, 1986;
Bunder, 1992).

In order to understand better the scope and content of post-primary science teachers’ beliefs
about primary science education, a multi-purpose questionnaire was designed to determine
the perceptions and opinions of post-primary science teachers about a variety of aspects of
primary science education. These include the importance of articulation between primary
science education and post-primary science education, the nature of the primary science
curriculum and its effects, the administration of primary science education and resources for i,
gender issues in science education and teacher factors affecting the provision of science
education.

PROCEDURE

The questionnaire consisted of three groups of items. Nine items were concerned with
biographical data such as school, age or age-range, gender and qualifications. There were
twenty-five structured response items that elicited opinions concerning primary science
implementation, organisation and importance as well as aspects of curriculum design and
personal involvement in such design. The response scales for these items consisted of Likert-
type continua (0 - 10) with 0 and 10 representing extreme views. For example item 1 was
How desirable is it that there be continuity between primary science education and
post-primary science education?. Not at all was scored as 0 and Essential was scored as 10.
Six items sought further information or views and used a variety of response formats ranging
from selection of words from a provided list (characteristics of primary science education) to a
free-response item (suggestions for the improvement of primary science).

The questionnaires were sent to post-primary schools throughout Victoria and both
government and non-government schools were included (roughly in numbers proportionai to
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the total numbers in each category). Approximately ninety-five schools were contacted. The
sample represented a random selection from each category of slightly less than one-sixth of
the total number of Victorian schools. Principals were requested to pass the questionnaires
on to members of their science staff for completion. For the statistical analysis, responses for
an item were regressed on gender and on years of teaching experience. Where items did not
have numerical responses brief descriptive summaries were derived.

The sample

Responses were received from 212 individuals (123 males, 89 females) in 63 schools (43
government, 20 independent) a response rate of 42.4% from individuals and 66.3% from
schools. There was no attempt to follow up on contacts to achieve greater response rates but
the authors conside: that the sample is a significant group of Victorian teachers and the views
expressed are therefore of great interest. Incomplete returns are a common outcome in this
kind of research but in the present study all returns contained useful information and none
had to be discarded even though some of the items had not been completed by some cf the
respondents. This was usually because the respondents did not feel that they had adequate
knowledge. Ages ranged from 22 to 56; the mean age of the female teachers was 33.0
(standard deviation 7.58) and the male teachers 36.8 (7.57). The difference in mean ages was
highly significant (p<.001). Respondents had been teaching for periods ranging from less
than one year up to 33 years {mean 10.8 years) and for almost all of the sampie (94%)
classroom teaching was the majer responsibility. Teaching duties were generally distributed
quite evenly across the post-primary years with few teachers concentrating on particular year
levels. Most teachers {64%) had taken part in-service or other courses during the past three
years but few of these courses related to primary-secondary collaboration.

DISCUSSION

Importance of primary science education Four items related directly to the importance of
primary science education and to continuity between primary and post-primary curricula.
Some continuity was thougiit to be important {mean score 7.26, standard deviation 2.34) with
22% of respondents asserting that it was essential. When asked about the adequacy of
knowledge of first year post-primary students the responses were normally distributed with a
mean of 5.00 (2.08). This suggested that there was no specific concern about prior learning.
Annotations to this item indicated that for a variety of reasons some teachers did not expect
primary school children to know very much science content.

Teachers regarded the effect of primary science on attitudes to post-primary science
education as of some importance (6.65, 2.48) but clearly did not see it as a2 fundamental
variable. Despite this, primary science education was generally regarded as essential (8.38,
1.83). There was a significant (p=.02) gender difference and female teachers rated the
importance of primary science more highly than males. These views should encourage those
who seek to develop curriculum linkg between primary and post-primary science education. A
number of teachers commented on the yreat variability of incoining students’ knowledge and
others mentioned their enthusiasm favourably.

Nature of primary science Many of the items had to do with aspects of curriculum
development and matters of emphasis. Teachers did not see a need for primary science
education to be a discrete subject (3.98, 3.00) and some teachers, by their additional
comments, suggested the importance of developing links with other curriculum areas. These
suggestions reflect a growing integration movement in which science education is linked with
or integrated with social studies, language and mathematics. Just as there was little supporn
for stand-alone science education courses there was only mild support for a fixed or
prescribed grade-level course (4.57, 2.69).
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There was a slight preference for process over content (5.86, 1.81) and a preference for
*knowing why" over ‘knowing that" for primary science education (6.14, 1.96). There was an
age effect for this item and ‘younger teachers ware significantly stronger in this view - p<.01.
The idea that the principles of science should be illustrated was moderately supported (5.72,
2.28), a view that did not vary with years of experience or gender,

There was a reasonabl;, strong view that primary science education should be comprehensive
in its representation of science dornains (6.84, 2.90) but there was ambivalence (less so for
women p=.05) about the place of technology as part of, or replacing, primary science (5.17,
2.10). Some teachers pointed out that there was ambiguity in the question and that they
would favour the inclusion of technology but not the ,eplacement of science by it - others
stated the view that technology and science are quite separate studies and shouid not be
considered together. However, it was clear from responses to a following question that
teachers strongly favoured a "how it works" approach to an approach involving principles
where technology is to be linked to science (8.39, 1.94).

If a fixed or prescribed grade-level course is not to be provided for primary science then it
would appear that school-based curriculum development is essential and one question tested
teachers’ views of this process. Teachers saw it as important (7.23, 2.23) though some
comments pointed out its difficulties (“hard, time-consuming work") and suggested that
“experts* need to be involved.

A further question of a different type asked for respondents’ perceptions of primary sc.ence
using free choice from 22 descriptors e.g. fun, difficult, messy, and relevant to everyday life.
Thirteen teachers stated that they were unable to answer because of lack of appropriate
experience and seven teachers suggested that the answers would vary according to the
situation; some others gave "should be" type answers. The most common descriptors were:

fun (115 responses); finding out (83); practical (64); investigating {59); relevant to everyday life
(52); what if? (49); thought provoking (46). Many other positive descriptors were represented
but in smaller numbers. The least nrommon descriptors represented were: time consuming (8
responses); not relevant (5); repetitive (4); boring (3); incomprehensible (2).

The less favourable descriptors were least represented in the responses. The responses to
this item tend to confirm, and add to th.e view, that primary science education is essential.
They also indicate that it has, or should have, many positive characteristics (in the views of
post-primary teachers).

Post-primary science teachers’ involvement with primary science Two items asked for
information about levels of actual and desired involvement in primary science education
curriculum design. The actual involvement appeared to be very low (1.17, 2.29) but teachers
clearly would like to do more (4.54, 3.05). This interest could no doubt be developed in future
plans for the improvement of school science education at both levels. Other comments
indicated that the time available for involvement would e a problem, and a number of
teachers mentioned that they had already assisted in some such activities, for example
providing inservice or lending equipment.

Teachers of primary science Three items probed post-primary teachers' views about the
confidence of primary teachers and whether specialist teachers would be desirable for this
curriculum area. On the question of confidence (even though 31 teachers did not consider
themselves able to answer) the view was that lack of confidence was a major impediment
(2.81, 2.15). In later comments some teachers felt that the build-up of confidence in teachers
was a necessary pre-requisite to the improvement of primary science but there appeared 1o be
little agreement about how this could be done. There was a wide range of views about
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whether teachers should be generalists or spacialists (in one or a few areas). Generalist
teachers were slightly supported (4.78, 2.72) overall but many teachers obviously see an
imponant place for at least some specialists. A small number of teachers felt that it was not
realistic to support primary science specialists. The idea of modifying the generalist teacher's
role (specialising in two or three curriculum areas) was also not strongly supported (4.24, 2.65)
and this may not be surprising since the multiplicity of teachers that students encounter at
post-primary level can be regarded as a negative feature of this stage, resulting in shallow
learning and lack of connection between areas of knowledge (Power, 1988).

Problems in organising primary science Primary teachers themselves see lack of
equipment as a significant problem (Jeans & Farnsworth, 1892) (even though complex
ecuipment is arguably not necessary or useful) and post-primary science teachers are often
seen to be in a teaching environment which is much more liberally supplied with materials. |t
is probably not surprising that these teachers also saw lack of equipment as a problem (8.11,
2.75) although some noted that equipment should be simple and related to everyday life and
the point was also made that there was a lack of facilities such as wet areas suitable for
science in primary schools. A few teachers mentioned that they had assisted primary schools
with equipment but there did not appear to be any strong feeling that primary and post-
primai ;- schools should cooperate in this way. A separate room for science was not regarded
as very important (4.87, 3.07) and some teachers pointed out that such a room could
discourage ongoing projects and tend to divorce science from evsryday life and other aspects
of the curriculum. One respondent suggested that the need for a separate room would vary
between year levels.

When asked to choose {from a list) possible systemic problems for the teaching of primary
science, the post-primary teachers chose four problems as of great significance. These were
lack of knowledge (148 responses), inadequate materials (118); difficulty in organising
materials (100); and lack of assistants to help with preparation, etc. (91). The next problem
chosen by number of responses was lack of suitable texts (44) and lesser numbers were
given for safety maiters, gender bias, timetabling, etc. It is perhaps not surprising that these
chosen problems corresponded in a general way with those chosen by primary teachers
themnselves in the study mentioned above. Primary teachers however would possibly not see
lack of suitable texts as a problem (they did not do so in the earlier study), and, if so, this
would probably reflect a different set of learning objectives for the two levels. This question
could be investigated further but the authors believe that most primary teachers, at least in
Australia, would use curriculum guides in preference to texts (if texts present material for
children rather than for teachers). It is hoped that the BSCS (1992) materials which are
presently being adapted for use in Australian primary schools will fill a need recognised by
teachers in this study and will be acceptable to primary teachers as aids to curriculum
development.

Gender aspects of teaching/learning The questiuns relating to separate classes, styles or
topics for girls and boys were freely commented on by respondents and were not restricted to
primary science. There was little value seen in separate classes at primary level {(2.30, 2.88)
and this was also evident in the study of primary teachers’' views by Jeans & Farnsworth
(1992). For post-primary science however there was more acceptance of separate classes
(4.61, 3.51) paricularly by women (p=.02). Few teachers believed that there were many
topics more suitable for giris than for boys (1.26, 2.16) but those who did mentioned topics
such as consumer science, family patterns, environmental surveys and biological topics or
those requiring less mechanical knowledge/aptitude. There was greater acceptance of the
idea of teaching styles which would be more suitable for girls (2.83, 3.07) and examples given
included styles which involved group work (many responses) and problem-solving, creative
writing, open-ended investigations, cooperative learning, active encouragement to promote
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self-esteem and descriptive rather than formal language. A number of teachers (at least 7)
recorded thsir opposition to differential treatment by gender with cocmments such as *Natuie is
not gender specific® and views that good teaching methods are squally suitable for girls and
boys.

ltems with open-ended responses Teachers were asked to suggest specific topics which
ought to be in a primary science curriculum and the responses were many and various - there
were approximately sixty-six topics represerted and the most common were: plants (29
responses; arumals {25); astronomy (24); environmental studies (23); simple chemistry -
kitchen, etc. (18) responses. The other topics given ranged widely across all areas of science
e.9. scientific method, heaith, observation, the hurnan body, machines, all elicted around 10
responses. These responses were similar to those given by primary teachers in an earlier
study (Jeans & Farnsworth, 1992).

The time given to primary science education has been regarded as too lcw in the past and is
often less than one hour per week (Jeans & Farnsworth, 1852). Most respondents in this
study favoured 1-2 hours as the appropriate allocation (106 responses) but about 80 preferred
a longer period (from 2 to 5 hours). This suggested increase in time has to be seen against
the background of perceived confidence and practical implementation problerns, and would
clearly need a considerable effort if it were to be implemented; this was noted in some
resgonses which distinguished between ideal and realistic allocations.

Post-primary teachers' lack of knowledge of the primary science r:ontext was demonstrated by
the question which asked for recommendations about suitable texts or cur - ilum guides.
There was clearly little knowledge of books written specifically for the primary level: The
science framework (Ministry of Education, 1987) was mentioned 20 times and other answers
ranged from Science Teachers Association of Victoria publications to some older activity
books and a few junior post-primary texts. lf, as sometimes suggested, post-primary teachers
become resources for primary science education, they would also need professional
development designed for this purpose. This professional development would be unlikely to
succeed if post-primary science teachers assumed that the structures and content of post-
primary science education were a suitebie foundation for designing a primary science
education curriculum. The authors suggest a collaborative model of organising science
education across the primary/post-primary boundary (Ministry of Education, 1887).

When asked for suggestions for the improvement of primary science, the respondents
produced a variety of suggestions, the most common of which can be paraphrased as: the
provision of more inservice (32 times); more consultation between primary and post-primary
teachers in neighbouring schools (19); teazher training (initial) should be improved (14),
science should be a specialist area (10).

There were many other suggestions given once or a few times and some notable ones were:
total integration of science into the general curriculum; more reliance on a coordinator;, a set
curriculum guide with easy-to-prepare activities; the linkage of science to children's
out-of-school lives; the removal of stress on “scientific” ideas and equipment (keep it simple
and interesting); the provision of more time, expertise and resources.

Many of these suggestions were also contradicted by other suggestions expressing the
opposite view. The variation of views can be illustrated by such statements as °l like to see
primary science as a gathering of observations and experience and, wherever possible, not to
involve extensive use of "formal” science equipment" and "Don’t get too carried away - most
students are turned off science by year 9. If science is taught as a subject earlier, we may find
difficulties at level 7 or 8.* Incidental comments were included on many response forms and a
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numbes ot these have been given above where appropriate. Others include such views as:
the experience of science in post-primary school is often negative (prospective primary
teachers are often turned off by science); any content is valid so long as it is interesting anu
taught with enthusiasm; primary schools should follow a watered-down year 7 curriculum (1);
post-primary teachers de not expect science knowledge in entering students but find it most
marked in relation to astronomy and living things; primary science should avoid and actively
discourage traditional stereotypes. There was some mention of the belief that primary
toachers do not always relate experiments to principles well, and that in such cases the
content and experiments would be better left until post-primary level.

CONCLUSION

Post-primary teachers of science in Victoria appear to have favourable attitudes to primary
science education and to appreciate its importance. Many of their views about the nature and
implementation of primary science education appear to be similar to those of primary teachers
surveyed in a previous study by the authors. However it is clear that few teachers have haa
much involvement with primary science education either as curriculum designer or as
interested colieagues of primary teachers. Often the only semi-direct knowledge seeined to
come from primary-age children in the family. While it is true that primary and post-primary
science education may be seen with some legitimacy to have different goals, the management
of the transition from year 6, in Victoria, to year 7 in the post-primary school does not appear
to have been well considered. Dawson and Shipstone (1991), in considering the adoption of
a National Curriculum in the United Kingdom have pointed out the need to ensure continuity
and progression. They also noted the lack of empathy, though this appears to be changing,
between teachers of the two levels and the likelihood of different teaching styles. This was
most evident in variations in ordering of the importance of objectives. Where primary teachers
saw problem-solving as particularly important, post-primary teachers favoured manipulation of
apparatus and “formal® experimenting techniques such as control of variables. In the present
study the congruence cf objectives was not directly tested but it would appear that one of the
major differences is in the importance assigned to the use of texts by post-primary teachers
and this would presumably indicate a belief that, at both levels, knowledge of science facts
and concepts would be of considerable importance. We believe that primary teachers would
prchably prefer experiential teaching- learning that facilitates the development of concepts and
skills.  Primary teachers might be less concerned with textbooks and formal science
equipment. This speculation needs further investigation, but it is in accord with the study that
we reported in 1992. There are many problems in the implementation of primary science
education and there are significant pressures at present to specify learning outcomes more
completely at all [evels (the National Curriculum movement). In this study and in the study of
Dawson and Shipstone (1981), post-primary teachers demonstrated favourable attitudes to
primary science education. They regarded it as of importance in its own right and as
contributing to science education in general. They appeared to believe that cooperation
between the two levels of science education is important. There were some other differences
too - in the English study it would appear that post-primary teachers were fairly confident of
the scientific knowledge and confidence of their primary colleagues. The present study in
Victoria does suggest that post-primary teachers would probably not rate primary teachers’
knowledge and confidence so highly. It is however possible that the difference may be due to
the greater development of liaison and cooperation in Derbyshire (Dawson and Shipstone
{1991) report its development there over a period of five years). The authors would suggest
that it is time for systemic change in which there will be greater cooperation and liaison
between science educators at primary and post-primary levels. This may mean some
re-thinking at both levels and it should clearly not mean that the approaches common at either
level should become universally accepted. In particular we support the view expressed by
Barber and Mitchell (1987):
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the best - imary science is not only well worth building upon, but also represents a
much bertter approach to science education than that so often provided in the early
years of secondary school. (p. 5)

If this has any truth at all, it is in spite of well known difficulties at the primary level
less-qualified teachers, lack of a resource base and the need for integration of science
education into the whole curriculum to a greater extent. Teachers and science coordinators at
the post-primary level may be in the bast position to encourage liaison and exchange of
views, This study suggests that their views are such that the building of better science
education links is a real possibility at this time.
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TOWARDS A THEORETICAL BASIS FOR STUDENTS' ALTERNATIVE FRAMEWORKS
iN SCIENCE AND FOR SCIENCE TEACHING

Brian L. Jones, Kevin F. Collis & Jane M. Watson
University of Tasmania

ABSTRACT

As there is nothing as practical as a good theory, there is a continuing need
in the field of science education enquiry to look for theories which help to
interpret the findings about students’ alternative frameworks and to inform
the design of teaching strategies which relate to a research focus on 'how
the student learns’. The developmental model of cognitive functioning
based on the SOLO Taxonomy (Biggs & Collis, 1882) as updated in 1891
(Biggs & Collis, 1991; Collis & Biggs, 1991) is being applied in this way.
Questionnaire data from two large studies of science learning of Australian
students (conducted by ACER and NBEET) are being re-analysed in terms
of the current theory. This paper illustrates the theory and describes a plan
of further research.

INTRODUCTION

Four criteria related to teaching and learning are fruitful foci for research. These are: ‘what the
student knows’ prior to formal science teaching; ‘what the teacher knows'; ‘how the teacher
teaches’; and ‘how the student learns’. The first three of these criteria have received attention
in addressing the pedagogical problems of science teaching arising from students’ alternative
frameworks of understanding (SAF) about aspects of natural phenomena. The choice of
some new teaching approaches has been based on a constructivist epistemology and has
been informed by beliefs about the value of students sharing their diverse views in supportive
environments (e.g. Brook, 1987; Smith, Blakeslee & Anderson, 1293). Consistent with the
common adage that ‘there is nothing as practical as a good theory there appears to be a
need in the field of science education enquiry to look for theories which help to interpret the
SAF findings and inform the design of teaching strategies which relate to the fourth focus,
namely, ‘how the student leans'. The following description outlines the application of a
developmental model of cognitive functioning based on the SOLO Taxonomy (Biggs & Collis,
1982; updated in 1991) in an attempt to achieve these ends. The theory is iliustrated with
reference to students’ responses to questionnaire items about ‘vision' and a plan of further
research is described.

SOLO TAXONOMY AND MULTI-MODAL FUNCTIONING

The SOLO Taxonomy (Biggs & Collis, 1982) has been used to analyze the structure of
children’s understanding of mathematical concepts and problem solving abilities over a wide
educational span from primary to tertiary levels (e.g. Chick, 1988; Pegg & Davey, 1989;
Watson, Chick & Collis, 1988; Watson & Mulligan, 1891). It has been applied in a limited way
in the area of science (Collis & Davey, 1986; Levins, 1982). The SOLO theory, which was
significantly updated i~ 1991 (Biggs & Collis, 1991; Collis & Biggs, 1991) builds upon Piaget's
stages of development and suggests a five-level cyclical structure for responses within each of
at least five modes of cognitive functioning. The theory postulates that modes of functioning
begin to appear sequentially from infancy and each one may remain operational and develop
further throughout life. The modes, abbreviations and common ages of appearance are:
Sensorimotor (sm: infancy), lkonic (il early childhood to preschool), Concrete Symbolic (cs:
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childhood to adolescence), Formal (fm: early adulthood), Post Formal (pf: adulthood), but
they should not be confused with Piagetian stages. In earlier proposals each successive
mode, with its increased level of abstraction, was seen as replacing its predecessor. However,
with the recognition that the sensori-motor and ikonic modes provide their own distinctive
forms of knowledge in adult life, they are viewed as developing throughout life, and in
interaction with other modes. Such co-existence of qualitatively different forms of functioning
provides the opportunity for multi-modal learning where learning within one mode is
supplemented by experiences and activities in concurrent modes (Collis & Biggs, 1891).

Sensorimotor functioning is associated with the performance of skilled rmotor activities and
relates to tacit knowledge, afthough one may be unable to explain how one interacts with the
physical world.  The ikonic mode is associated with intuitive knowledge, that which is
perceived or felt directly and which involves the imaging of objects and events. Functioning in
the concrete symbolic mode involves the use of symbol systems which have referents in the
material world and facilitate the communication of declarative knowledge. Lastly, the formal
and postformal modes are the most abstract ones and involve theoretical constructs having
no material referents. Within these modes individuals are able to consider not only what is
perceived to be real but what may be possible.

The cyclical structure for responses within each mods, in order of increasing complexity,
features
* prestructural responses (P) which represent no use of relevant aspects of the mode in
question;
* unistructural responses (U) which represent the use of only one relevant aspect of the
mode;

MODE FORM OF KNOWLEDGE

Postformal Theoretical
(pD

Formal

®

Concrete-
symbolic

— (9

Ikonic Intuitive

(ik)

Sensori- R ]
motor M Tacit

(sm) U

AGE= Oyrs. 15yrs 6yrs. 16yrs. 21yrs.

KEY: U - Unistructural M - Multistructural R - Relational EA - Extended Abstract

Fig. 1 Relationship between modes, levels of response and forms of knowledge
(Adapted from Biggs & Collis, 1991)
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multistructural responses (M) in which several disjoint aspects are processed, in
sequence;

relational responses (R) in which several aspects of the mode are related into an
integrated whole;

extended abstract responses (EA) which make use of higher order principles and may
take the whole process into a new mode of functioning at the unistructural level or
another cycle within the same mode.

Fig. 1 (adapted from Biggs & Collis, 1991) shows the transition between maodes of functioning
and the equivalence of the extended abstract response of one mode with the unistructural
responsé of the next mode.

Recent work in mathematics on Volume Measurement (Campbell,Watson & Collis, 1992) and
Fractions (Watson, Collis & Campbell, 1991) suggests that there are in fact two major cycles
for this kind of content within the concrete symbolic mode. The first shows heavy reliance on
the IK mode to develop the concrete concept and the second uses the CS mode as such but
utilises ikonic support for problem solving (see Table 1).

OVERVIEW OF THE STUDY

Initially, questionnaire data from two large studies conducted by ACER {Adams, Doig &
Rosier, 1990) and NBEET (1993) of science learning of Australian students are being
re-analysed in terms of of the SOLO Taxonomy and its current theoretical underpinnings
(Biggs & Collis, 1991; Collis & Biggs, 1991). In the ACER study, data were obtained from
representative samples of 2665 students in Grades § and 9 in the state of Victoria. In one parnt
of the study children were shown sets of cartoons depicting selected everyday phenomena
related to six science concept areas. The children were invited to verify certain cartoon
statements and to write explanations of how or why some things were so. In most cases
about 1000 students completed each set of stimulus cartoons. In the NBEET study a sample
of 1161 students in their last year of primary school (age 11-13 years), and from all states of
Australia, were given a five-part questionnaire. This included parts to assess process skills,
conceptual understanding in science and attitudes to science. in the conceptual
understanding section students were invited to respond to 24 written questions related to a
wide range of srience concept areas.

General Plan

The researchers involved in the current study obtained random samples of S50 scripts in each
of four of the six concept areas in the ACER study and 150 scripts from the NBEET study for
analysis. Children’s responses are being re-analysed in terms of their structure according to
the SOLO Taxonomy and its recent theoretical developments relating to modes of functicning.
On the basis of this analysis further questionnaire items will be developed in a small number
of topics and administered to children across the age groups from Grades K-10 to fill gaps in
the available data. Individual interviews of selected students will be conducted to clar: v their
written responses and to validate inferences made about responses from the various sa.aples.
Hypotheses will be developed about the order of, and influences on, the development of
concepts, and typical ages (if any) at which critical shifts in modal functioning occur. it is
believed that the theory, when applied in relation to specific science topics, may be sufficiently
fruitful to contribute to the design of more effective teaching approaches which enhance a
student's scientific understanding of the topics and the ability to make higher level responses
in appropriate modes. We propose to implement and evaluate such designs in the topics
studied.
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TABLE 1
LEARNING CYCLES OF LEVELS OBSERVED IN RELATION TO THE CONCEPT OF VOLUME
OVER SCHOOL GRADES.
(Based on Campbaell et al., 1992)

MODE GRADE LEVELS GENERAL FEATURE
Sensori-
motor
ik.Ul
Ikonic ik.M1
K ik.R1 Concepts associated with intuititions, feelings

and /or images about real objects or events.

D —

ik.EA1 cs.Ul Lessening reliance on ikonic support for concept.
cs.Ml1
¢s.R1  Concrete symbolic concept, as such, developed.
Concrete 5/6
Symbolic ¢s.U2 Increasing reliance on ikonic suppori for
cs.M2 problem solving.
9/10 ¢s.R2 Concrete symbolic concept generalised.

Probing Students’ Understanding About Vision
Visual sensing is a dominant part of everyday experience from early childhood and thus the

topic of 'sight and light' has much potential for the engagement and interest of children in
school science across a wide age range. It also has potential for responses over the range of
modes of functioning. Both sets of available data contain responses to questions dealing with
beliefs about how people see objects and the role of light in this process and their study is
likely to build upon the seminal work of Guesne {1985). Hence, this topic was chosen to be
explored first. An analysis of responses to the ACER questionnaire related to ‘vision' is the
focus of this paper.

Stimulus Items

in relation to ‘vision', six sets of cartoons were used in the ACER study 0 ‘tap students’
science beliefs’ about whether light is an entity, whether light travels and the relationship
between light and vision. The final cartoon is a single line drawing of two children apparently
looking towards a tree in a field with hills in the distance and a cloud in the sky, as shown in
Fig. 2. Students were invited to complete and label the picture to explain how light is needed
for us to see and below it to write an explanation of their diagram. The actual question was:
*Can you complet: and label this picture to explain to the children how light is needed for us
to see ? Explain your diagram.”

RESULTS

The responses to the picture completion /explanation item were grouped in order of their
relevance to the question and the degree of complexity of the drawing and written statement
in each. Four groups of responses were readily identifiable and these were then associated
with ikonic and concrete symbolic SOLO modes. The four categories with their descriptors
are set out in Table 2 along with suggested modes of functioning that the responses appear
to reflect. Also, the numbers of children shown in each category are based on a sorting by
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Fig. 2 Cartoon from ACER questionnaire (Adams, et al. 1980, p. 120

the first author. On the basis of the criteria, a second sorting by an assistant gave a very
similar result with an inter-rater reliability of 0.88

Structure of responses: modes and levels
Some examples will serve to illustrate the structure of different responses to the ACER item.

Each axtract is followed by an ID code in brackets (in the order of Grade, gender and
number) together with the SOLO mode and UMR response level.

* Ikonic mode (low level). Where responses use only one relevant aspect, or use aspects
which are irrelevant to the set task, they are considered to be low level compared to those
using two or more relevant aspects. Furthermore, these levels may be related to particular
alternative views about vision referred to below. The responses in Category 0 (Table 2) were
all low level ikonic and the following are typical:

if there was no light it would be freezing (9b6) ik.P

Light is needed for us to see our land and alt of our beautiful nature (5g7) ik.P

...light makes us see (599) ik.P

The first statement, from a boy in Grade 9, may be partially true but as far as the given cue is
concerned it is irrelevant. The other two responses are also true but are tautological in this
context as they merely repeat the concepts of the cue. All three responses are at a
prestructural level in reiation to the concrete symbolic mode.

In Category 1 a range of ikonic responses was obtained, from unistructural to relational within
that mode, and were either in the form of drawings or words. The most common relevant
aspect was the Sun, used either as an example of light or a source of light although it was not
possible to be sure which meaning was intended in every case. Although the following two
rasponses repeat the 'light' cue given in the question, they do add one concept relevant to an
explanation, albeit an alternative one, of how light is needed for us to see. Imaging is a
prominent feature in both,




TABLE 2
CATEGORIES OF RESPONSE TO ACER PICTURE COMPLETION AND EXPLANATION
QUESTION AND NUMBERS IN EACH CATEGCORY BY GENDER AND GRADE*

CATEGORY + CRITERIA Boys Girls TOTALS
Grade Grade Grade
5 9 § 9 5 9

Category 0 = Ikonic
i. Drawing: No addition to picture given. @ 1 1 3 (5 4
ii. Irrelevant or tautological or no response @ 1t & 1 0D 2

12) 6
Category 1 = Ikonic
One or more of:
i. Drawing: Sun drawn in correctly
(for shadows given) B 2 @6 6
Sun drawn - position not correct. a4 2 @ 2
il. Statement to the effect that Sun makes light.
iii. No mechanism stated (or shown) for light - - - 1
travel or for seeing. —
(10 9
Category 2 = Concrete symbolic + Ikonic suppert
No reference to a mechanism for "seeing".
One or more of:
i. Drawing: Sun drawn correctly B 4 3 4
(for shadows given)
Sun drawn - position not correct. - 3 -5
ii. Objects are 'lit up', become 'bright’,
made 'visible' by light.
iii. Sun is stated to be a source of light -
rays or beams travel to or shine on
objects and can be blocked.

Category 3 = Concrete Symbolic
A mechanism for “seeing"+ evidence of a
concept of reflection,
+ One or more of:
i. Drawing: Radiation with Sun/ object/ eye
connection shown
ii. Use of word 'reflection’ or equivalent
(in sense of 'bouncing’)
iii. Light enters eye and brain interprets.

* Numbers in brackets are for Grade 5, n =25 (9b + 16g)
Other numbers are for Grade 9, n =25 (9b + 16g)
(Respondents counted for drawing may have written words also
but were not counted twice.)
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If...no light you couldn't see...it would be pitch black (9b13) ik.U
If there was no light everything would be in complete darkness (9g9) ik.U

In these two unistructural responses the ikonic concepts of ‘pitch black' and ‘complete
darkness’ suggest a belief in the common view that we sea because things are bathed in a
sea of light. This may represent the ‘ambient light' view in which no vision mechanism is
stated. It is the first of Guesne's (1985) four alternative views of vision. This view is also the
likely basis of a third example:

if the sun was not out the children would not ba able to see anything (5g24) ik.U.

* |konic mode (higher level}. in the second, or ‘bright object’, view of vision objects are
believed to have a degree of brilliance that makes them visible because light from a source is
dirscted towards, or hits, those objects. However, as in the first visw, there is no object-eye
connection such as light ‘travel’ or reflection. This view is possibly the basis of a second set
of Category 1 responses in which no eye-vision mechanisrn was shown yet two aspects
relevant to the context were stated with a logical connection which may be transductive.

The sun produces light which makes things visible (9b14) ik.R

...the sun is making them (things} bright for us to see (5g21} ik.R

These are examples of relational level responses in the ikonic mode because two images are
linked. A source of light and an effect are logically (perhaps tautologically) related in each
statement but thers is no use of any concrete symbolic element. However, such responses
may be seen as precursors tO the more concrete symbolic concepts of rays, beams and
reflection which mark the next category.

* Concrete symbolic mode with ikonic support. Each response in Category 2 indicated an

advance on those already outlined by showing evidence, in the te:t and or drawing, of
concrete symbolic thought together with ikonic support. In each of the following there is a
reference to notions such as rays, movement of unseen entities or concrete mataphors like
‘beating down’, e.g.

The suns rays will reflect down on the earths surface (9g23) cs.Ut

If light hits something it creates a shadow {9g21) ¢s.U1

The sun beats down and lights up the place so people can see (5g23) cs.M1

[+ Drawing: bright objects + arrows drawn from Sun]

It can be noted in the first unistructural case that, when taken in conjunction with her additions
to the drawing, the word ‘reflect’ appears to be used in the sense of rays travelling. The next
case is unistructural because the second aspect mentioned appears to not be directly relevant
in the context. The third response is multistructural in that it sets out a sequence of relevant
(partly ikonic) elements. It falls short of the integration needed to give it an R1 classification.
Ali three responses appear to indicate the use of the ‘bright object’ view of vision although the
multistructura! response in the last case might be seen to favour an ‘ambient light' view.

* Concrete symbolic mode (with lessening ikonic support). The only response considered to

indicate mainly concrete symbolic functioning was that of a boy in Grade 9 whose diagram
shows dotted lines connecting Sun, tree and eyes. His written explanation states that,
The eyes use the projection from the sun on the object and use the light to tell the brain
(9b25) cs.R1

Although the word reflection was not used it seems clear that this was the idea being
conveyed graphically and that the ‘projection from the sun’ refers to transmitted light from Sun
to eye via an object. Thus, there are three or four relevant aspacts, logically related in an
explanation of vision consistent with the currently used scientific one. He appears to have a
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degree of facility with the concrete symbolic system of school science but in this context does
not show evidence of generalisation to an extended abstract level that might indicate the
onset of formal functioning in this topic. In such a mode one would expect responses to
involve the use of theoretical concepts such as ‘radiation’ and ‘energy’ in such a way as to
indicate an understanding that these concepts do not have concrete referents, but are
elements of a model which mimice an event but is not part of it. Evidence of the third view of
vision in which ‘bright’ or ‘visible' objects are ‘looked at' by the eyes by means of beams, or
the motion of other entities, was not found.

Overall summary of the responses

Over one third of the whole sample either did not add to the drawing or gave written
responses judged to be irrefevant or tautological in that they used the question to trigger off
an affective or intuitive response typical of low level ikonic functioning. A further 38% gave
responses seemingly based on intuition which identified the Sun and its light as the only
requirement to explain vision. They used concepts about things that could be directly
perceived and imaged, a characteristic of ikonic thought. In all, 74% of ths responses were
judged to represent ikonic functioning. The remaining 26% included some reference to
concrete symbolic concepts such as ‘rays’ and light ‘travelling’ to ‘hit'’ objects. The majority of
these were from Grade 9 children with only a very small minority (6%) from Grade 5 (the
responses of three girls}. Most of the responses in this group were also considered to
represent concrete symbolic functioning but with ikonic support. Only one person, a boy from
Grade 9, made a clear reference to 'seeing’ and his response included a mechanism invoiving
light rays and a source-object-eye connection. The symbolic concept of reflection was
conveyed diagrammatically in his drawing. No rasponses included a form of words to refer
unmistakably to reflection, e.g. ‘some light rays from the sun bounce off the tree and enter the
ayes of the children'.

DISCUSSION

Views about vision

The various alternative explanations of vision which have been reported in the literature (e.g.
Guesne, 1985) inyolve the use of one or more components related to ‘light’ or ‘seeing’ or
both. Light can be (i) ambient, (i} directed to objects which become brilliant, and (iii) reflected
from objects. Sight can be (a) passive seeing (b) active ‘looking' with a movement of
something between eye and object and, perhaps, its return, and (c) reception by the eyes of
light from objects and processing. In the scheme of analysis used in the present study, these
components of responses can range from ikonic through concrete symbolic and ultimately to
formal. We suggest that componsnts (i), (i) and (a) are related to imaging the world as
directly perceived and are thus lar¢ y ikonic wheareas (i}, (b) and (c) involve abstractions of a
concrete symbolic nature. Thus the first of Guesne's (1985) four views of vision involves (i) +
(a); the second (i} + (a); the third (ii) + (b} and the fourth (iii) + (c).

Evaluating responses _using the SOLO model
Levins (1992) classified written responses of secondary students to concept words related to

the evaporation of water and postulated two UMR cycles in the concrete symbolic mode.
However, in her limited study of a small group of seven year old chiidren, ail their verbal
responses were judged to be in the ikonic mode. That the responses of most of the younger
children in the present study represent ikonic functioning is an extension of this finding and
consistent with current SOLO theory (Biggs & Collis, 1991; Collis & Biggs, 1991). However, the
fact that only one person out of 25 older children, from Grade 9 in this preliminary study,
showed evidence of the concrete symbolic mode (without much ikonic support) is interesting.
Perhaps most of the secondary students in the sample were not taught concrete symbolic
notions related to this topic before the survey or, perhaps, prior teaching was ineffective.
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Alternatively, the questionnaire may not have cued declarative knowledge within a developed
symbol system. This finding is consistent with Guesne’s (1985) claim that for French speaking
children the development of the important symbolic notion, that fight must penetrate the eyes
after propagation in straight lines, may be generally beyond the age of 14 years.

it is worthy of note that most of the alternative views about vision, implicit generally in the
responees, seem to have their bases in ikonic functioning.

Some probiems of interpretation
The SOLO Taxonomy is a ‘response’ model, therefore the size of the net which is cast to
sample the conceptions of individuals will affect, to some extent, the overall evaluation of the
responses given. Some cues may evoke different response modes, and levels within modes
but, since we recognize the context dependence of knowledge, we are not aiming to make
global assessments of people. The purpose of the taxonomy is to evaluate responses in
contexts of appropriate size. The context probably requires the considsration of the question
type as well as the nature of the context: factors which have not always been controlled in
studies reported in the science education literature. Thus, the Category 2 response of a
Grade 9 girl who added only a few labelled objects to the drawing but wrote,
All of ‘he objects labelled have light shining on them...but there is parts...where there is
no light becausa the sun can't gst through (9g20),

was considered to represent concrete symbolic functioning at a multistructural level {cs.M1)
with ikonic support. However, in other contexts in the same area of knowledge she appeared
to respond at a relational level (cs.R1), e.G.

Light goes until it reflects off an object

Light is something to reflect off different things so we know what they look like.

Whilst it was relatively easy to apply the SOLO Taxonomy reliably to evaluate responses, it
wasunderstandably difficult in some cases to be sure of which alternative view of vision a child
was using. Further investigation is necessary to determine the nature of relationships between
SOLO levels and modes and students’ alternative understandings (frameworks) in this and
other topics.

CONCLUSION

A key hypothesis behind this research is that, unlike other concrete symbolic systems which
first become important at school, the explanation of many aspects of natural phenomena have
been important to children some time before this. Children have already applied their
sensorimotor and ikonic notions to construct explanations consistent enough with their
experiences and other knowledge to be adequate for their everyday lives. Thus, many
contexts in school science are not new like those which occur in mathematics, reading and
writing but are old contexts in which students have some well entrenched systems of personat
meaning. These alternative conceptions seem to arise from a mixture of the first three modes
of functioning, perhaps in different proportions according to the particular topic or
phenomenon in the context. We propose that teachers’ lesson planning is likely to benefit
from the application of a theory which provides a structural interpretation of students’ common
responses to key phenomena in school science studies.

As this study is developed further we plan to look for developmental cycles of responses
within the structure of specific subject matter of school science, as well as relationships
between SOLO modes and levels and students’ alternative understandings. The eventual
objective is to facilitate students' understanding of the concrete symbaolic systems of science.
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TEACHING PROBLEM-SOLVING SKILLS: A REFLECTION ON AN
IN-SERVICE COURSE FOR CHEMISTRY TEACHERS IN SINGAPORE

Kam-Wah Lee
Nanyang Technological University

ABSTRACT

A unit on the teaching of problem-solving skills, part of a chemistry in-
service course for 25 experienced secondary school teachers in Singapore,
presented two strategies: t...x-aloud and general problem-solving
strategies. The evaluation of the unit was based on teachers’ personal
evaluations and their answers to a questionnaire which focussed on their
responses and attitudes towards the teaching and learning of problem
solving while using the two strategies.

INTRODUCTION

informal observation of students' problem-solving behaviour, as well as some systematic
studies, indicate that there are some common difficulties associated with teaching and
Iearmng problem solving. These include:

lack of science knowledge pertaining to the problems (Woods, 1988/89);

* lack of an organized, hierarchical knowledge structure which can be casily
rernembered and appropriately retrieved in complex contexts (Reif, 1983; Woods,
1988/89);
lack of problem-solving skills such as translation and linkage skills. Students have
difficulty in translating the problems into meanings and in setting goals or subgoals
for the problems, especially the unfamiliar ones. They also have difficulty in linking
the appropriate knowledge from their minds to the novel problem situations (Lee,
1986; Bunce, Gabel & Samuel, 1991).
lack of knowledge of a problem-solving strategy and of the procedure for problem
solving (Reif, 1983; Camacho & Good, 1989). It is not surprising that some problems
are left unattempted by many students espeuially if they are new to them.
lack of experience and confidence in problem solving (Camacho & Good, 1983).
lack of emphasis on the systematic organisation of the thinking process required for
problem solving. Teachers emphasize the strategy which directly uses rules or
algorithms for solving the problemns. Their sense of problem solving strategy is more
than a strategy of using rules or algorithms for a typical type of problems. This is
evident from the way they perceive the problems, pull the information together, and
check their solution (Lee, 1986).

Students’ failures in problem solving could possibly be attributed to their lack of sufficient
experience in problem-solving lessons.  Methods commonly used by teachers rely
predominantly on presenting information, showing prototypical examples of worked-out
problems, and giving students practice in solving similar kinds of problems. All too often our
teaching methods encourage passivity among students. It is possible that the failure of
students to develop the ability to solve probiems is not because they are unable to do so, but
because we have not been explicit enough in illustrating what it is. Improved methods of
teaching problem solving are necessary to strengthen our students’ problem-solving ability
and skills.
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Woods (1984, 1985a, 1985b) has designed a probiem-solving program (the McMaster
Problem Solving Program) for an Engineering Course at McMaster University in Canada. A
unit of the programme employs Whimbey’s think-aloud approach (Whimbey, 1984: Woods,
1985a) to develop awareness of process skills while solving a problem, fHne student works
the problem with a partner who does not directly participate in problem solving but forces the
prob.em solver to verbalize all thought processess. This approach has been proposed as a
valuable resource in teaching science students how to solve their homework and personal
problems (Woods, 1984; Carmichael, Bauer & Robinson, 1987; Pestel, 1993). Whimbey's
Think-Aloud Pair Method is also used for introducing a problem-solving strategy namely,
‘McMaster 6-Step Strategy’ in another unit of the programme (Woods, 1985b).  This consists
of 6 stages of solving processes which include: (1) Read/t want to and | can, (2) Define, (3)
Explore, (4) Plan, (5) Do it, and (6) Look Back. Both units let students take charge of their
own learning by identifying clear goals and the routes to achieve these goals.

This paper reports how the think-aloud and general problem-solving strategies were
introduced to a group of experienced chemistry teachers from Singapore by employing the
Whimbey Think-Aloud Pair Method. It also discusses the teachers' responses and attitudes
towards developing problem-solving skills during the workshops.

METHOD

Sample

Twenty five experienced chemistry teachers from twenty schools in Singapore took up the
chemistry in-service course (March-May 1993) organised by the National Institute of Education.
The course was spread over 10 weekly sessions, each of 3 hours. The author was scheduled
to teach problem solving in two consecutive sessions in the middie of the course. The
experience of these teachers in teaching chemistry at secondary level (equivalent to Grades 7-
10) ranged from 3 to 19 years.

Procedure

Two problem-solving strategies, namely Think-Aloud Strategy and General Pt ..in Solving
Strategy, were introduced in the two workshop sessions. Think-aloud was taught in the first
session and General Problem-solving in the second. In both workshops, the time was divided
into three parts. The first 45 minutes was used for a lecture fcllowed by a discussion with the
teachers on background information such as the rationale for teaching problem-solving skills,
the instructions for the activities for learning the two strategies. The teachers were then given
about 100 minutes to practise in pairs solving problems using these two strategies. First,
content-free problems were used and then were followed by chemicai problems. The content-
free problems used to introduce the methods were taken from Whimbey and Lochhead
(1986). For the last half-hour, teachers were asked to give feedback about the workshops.

Workshop 1: teaching of Think-Aloud Strategy

The objective was to make teachers aware of the process and to be able to verbally describe
the process whereby they solved problems. For the Whinibey's method, the teachers formed
pairs among themselves: one was the problem solver, and the other the listener. The method
demanded that the problem solvers verbalize ali procedures and manipulations. The listeners
did not directly get involved in problem solving but encouraged verbalization. The
instructions for the problem solvers and listeners are shown in Appendix 1. Each problem
solver was given a content-free problem to work on. The teachers reversed roles when
finished. A discussion session followed with the teachers talking about their reaction towards
the activity. After this the teachers repeated the same activity but this time they used chemical
problems. One example of the content-free and chemical problems is shown in Appendix 2.

b il




138

Workshop 2: teaching of General Problem Solving Strategy

The objective set for this workshop was for teachers to become familiar with the McMaster 6-
Step Strategy (Table 1} and its general application. The teachers obtained feedback on how
they saw the stages as they worked through the content-free and chemical problems.

The teachers were advised to extend the use of Whimbey's method in this workshop to
describe aloud the mental processes they were using. At the same time the ‘problem solver'
had to identify which of the six stages in the McMaster 6-Step Strategy they were in by placing
the marker on the strategy board (Table 1). The role of the listener was the same as in
Workshop 1: to encourage verbalization. Listeners had to remind problem solvers to indicate
which stage they were in and to speak aloud all thought processes. As in Workshop 1, each
teacher was given one content-free and one chemical problem to solve.

TARLE 1
THE McMASTER 6-STEP STRATEGY

. Read/l want t~ and | can

. Define
understand words, analyze statement, identify constraints,

identify criteria, draw diagram

. Explore

play around with ideas, make connections, collect information

. Plan

start to get serious, begin to formulate steps

. Doit

. Look Back

check, double check, identify experience factors, extend to
other problem, implement, what is learnt about problem solving

Ins.rumentation

The responses and attitudes of the 25 teachers towards the developing of problem-solving
skills were sought using a personal evaluation sheet for each workshop and a questionnaire
for the overall presentation at the two workshops. The personal evaluation sheets contained
open-ended questions which allowad the participants, as the problem solvers and listeners, to
describe what they had learned about problem-solving skills during the workshops.

The questionnaire consisted of 10 items of two subscales on a §-point Likert scale. It was
designed to investigate the teachers’ view in two different aspects. The two subscales are: (1)
learning and teaching PS skills (items 1, 3, 4, 5 and 10) and (2) Using PS skills by students
(tems 2, 6, 7, 8 and 9). Five of these items are positive and five are negative. Responses
were scored 5 for strongly agree; 4 agree; 3 neutral; 2 disagree and 1 strongly disagree, for
the positive items, with scoring reversed for the negative items. Cronbach's alpha values for
the two subsca'as were 0.70 and 0.77, and 0.86 for the whole questionnaire.
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FINDINGS

Two sets of data were obtained. The first was the teachers’ personal evaluation of what they
learned from the two workshops and the second their responses tc the questionnaire.

Teachers' Personal Evaluation

The teachers were asked four questions in the evaluation sheets for the two workshops. The
responses from the teachers for the 4 questions were analyzed. The common responses for
each question are listed in the order from the most to less popular among the teachers. The
numbers of teachers who gave the same or similar responses are indicated in the brackets.

Question 1: As the problem solver, what have you learned about your own problem
solving through the Whimbey Think-Aloud Pair Method ?

Responses

Chacking the answer or solution {11)

Think-aloud problem solving is fun. Should do more of this. (10)

Reading and re-reading the statement to understand the problem (9)

The usefulness of think-aloud strategy (8)

Using pencil and paper (7)

identifying key words (7)

Drawing diagrams (6)

Estabiishing links between facts (5)

. Using relevant knowledge (5)

10. Being more systematic (5)

11. Being more careful (5)

12. Thinking and explaining more in detail (4)

13. Being more aware of own weaknesses e.g. jump at answer t0o quickly; having weak
background knowledge on a particular area (4)

14. Looking for or focussing at the goal of the problem (3)

OC®NOO WD~

Question 2: As the listener, was it (Whimbey Method) an easy task ?
What was the hardest thing to do ?
Responses
15. No. It was not an easy task. (21)
16. The hardest thing to do was
a. to control the urge to give the answers (8)
b. not to show the problem solver where she/he had gone wrong (4)
c. to control oneself not to influence the problem solver while she/he
was solving a problem (3)
d. to control the urge of wanting to solve the problem (3)

Question 3: As the listener, what do you learn about the process of solving problems ?
Responses
17. The importance of checking including the re-reading of the statement when
the problem solver is stuck (9)
18. Problem solvers need enccuragement and assurance all the time (5)
19. The importance of understanding and interpreting the problem statement (4)
20. Problem solving involves a logical sequence of steps and process skills (3)
21. The importance of sound concept/knowledge required for solving a
particular problem (3)

Question 4: As the problem solver, what did you learn about the use of strategy
{McMaster 6-Step Strategy) from these activities ?
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Responses

22. To be more aware of the stages involved in problem solving (11)

23. To make checking the important component of problem solving (10)

24. A need to spend more time for defining the problem statement (8)

25, To read and solve the problem aloud (6)

26. To identify key information from the statement (5)

27. To draw diagrams to help visualize the problems (4)

28. To link appropriate information which is aither frorn the statement or memory (4)
29. The general strategy is a systematic approach (4)

30. To plan the solving procedure before solving a problem (3)

31. The need of explicitly teaching the stages of general strategy to students (3)
32. The general strategy helps organise your thought (3)

For Workshop 1, in general, the teachers enjoyed the activities conducted during the
workshop. Many teachers considered the activities were fun (Response 2j. The teachers
admitted he us . fuiness of the think-aloud strategy (R4). Being slowed down in solving the
problems due to thinking aloud, they became more careful (R11) and systematic (R10). They
were also more aware of their weaknesses in problem solving (R13). They tended to think
and explain in greater detail when they solved the problems by using the think-aloud method
(R12). Many teachers commented that through the think-aloud activities they were more
aware of their problem solving processes involved in solving the problems (R3, 5-9 & 14).

The majority of the teachers did not find the listening task easy (R15). They found it hard not
to tell the problem soivers the answers or not to give assistance to the problem solvers while
they were solving the problems (R16 a-d). Some tsachers stressed that the problem solvers
needed encouragement and assurance from them all the time (R18). From being the
listeners, some teachers learned that the checking of the solution, understanding and
interpreting of the problem statement and sound background knowledge required for soiving
the problems are important for problem solving (R17, 19 & 21). Some of these points can be
illustrated by using some of the teachers’ comments quoted as foilows:

* Being a problem solver and listener in these activities, | realise that learning is a
process and it takes time and steps. If we can analyse how the students think by
experiencing it personally, somehow we can bring this knowledge back to the
classroom. This is what the course has taught us. Thanks. [Teacher 9]

* I find that | am more aware of the need to have more focus on what |1 am trying to
solve. There is also a need for a strategy ‘o solve a given problem. [Teacher 11]
* | noticed that | highlighted the key words in the problem and to verbalize my

approach in solving the questions, | would draw diagrams to illustrate while
explaining to the listener. It was fun as it is related to logical thinking. [Teacher 18]

* | tended to write some other sub-concepts, linking one idea to another until | was
confident enough to go ahead. After the answer was found, | would go over the
whole problem again.  [Teacher 22]

For Workshop 2, the teachers recognized the importance of the general strategy as it helped
the problem solvers to be more aware of the stages involved in problem solving (R22). The
general strategy is a systematic approach and it helps organise thought (R29 & 32). Some
teachers saw the need of explicitly teaching the general strategy of problem solving to
students (R31). The teachers also commented that they had learned different problem-solving
skills through the general-strategy activities. The learned skills being highlighted by the
teachers include: (1) reading and solving aloud (R25), (2) defining problems by spending
more time at this stage (R24). The techniques can be drawing cliagrams (R27), identifying key

-
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words or facts from the statement (R26), (3) planning the soiving procedure (R30), (4) linking
the appropriate information (R28), (5) checking the answer or solution {R23). The following
teacher's comment for Workshop 2 can be used to iliustrate some of the above findings.

It's important to follow some steps systematically rather than plunging into answering
the questions straight away. Using a strategy helps to keep my mind thinking,
gathering relevant information so as to visualize the problem better, before taking
action. Checking through after solving ensures that the answers are correct and |
find it important. [Teacher 13)

The Questionnaire
The means and standard deviations scores were computed from the questionnaire data, for
the whole questionnaire, each of the two subscales and for each of the ten items. The mean
score per item for the whole questionnaire was 3.87 (s.d. 0.95), significantly different from 3 at
the 0.01 level. This indicates a favourable attitude from the teachers towards the problem-
solving skills introduced during the workshops. The means for subscales 1 and 2 were similar
g (3.84 and 3.89 respectively, both significant at the 0.01 level), indicating that the teachers were
— in favour of both the learning and teaching of the problem-solving skills and their use by
students.

Table 2 reports the means and standard deviations for each item. All the means are above 3.5
and significant at the 0.01 or 0.05 level. This indicates that the teachers on the whole regard
the teaching of problem solving to students as important. The teachers considered that the
methods used for teaching problem-solving skills were not too abstract. The activities were
o) enjoyable. Teaching the skills would not increase the complexity of the chemistry curricufum.
- The skills were considered as transferrable to areas other than chemistry. Students would not

' be expected to have great difficulty in using the strategies. Problem-solving skills were
regarded as likely to help students to be more systematic and confident in solving probiems.

DISCUSSION

The main goal of this study was to seek the views of some Singaporean teachers on
developing students’ problem-solving skills through the use of think-aloud and general
) problem-solving strategies. The findings, based on the two measures, one qualitative and the
- other quantitative, show high consistency among the teachers' responses. The teachers were
s in favour of the approaches used in introducing these strategies during the in-service course.

The think-aloud and genera!l problem solving strategies make the problem solvers responsible
for their own learning in problem solving. The teachers recognized the usefulness and
importance of these strategies which can be used to develop problem-solving skills. They
believed their students would benefit from the skills in future problem solving; this is
supported by the scores on the ‘Using PS Skills by Students’ subscale. The role of listener is
important (though not easy) because the listener is not only there to promote vocalization by
the problem soiver but also to learn to appreciate the difficulty the problem solver might have.
With this experience teachers are able to understand better their students’ difficulties in solving
problems and offer help accordingly. The teachers realized that problem solving was more
. than an answer or a solution: "Problem solving involves a logical sequence of steps and
_ process skills." Just offering an answer or a solution may not necessarily help students
o develop their problem-solving skills, The teachers agreed that teaching problem-solving
- should be explicit in all processes involved, especially translating and checking processes.
For the translation of problem statement, the teachers considered that identifying the key
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TABLE 2

MEAN AND STANDARD DEVIATION OF EACH ITEM
IN THE QUESTIONNAIRE (NO. OF TEACHERS =25)

ltem Mean Significa-
(S.D) nce |
It is important to teach the problem solving strategy for my purpose as 4.28 P < 0.01
a teacher. (1.02)
Using the strategy, students are able to describe to others their mental 3.76 P <0.01
process of problem solving and any difficultics encountered. (0.72)

The strategy is too abstract for me to learn. 4.00 P < 0.01
(1.04;
1 find learning the Whimbey Pair method of teaching problem solving 3.56 P < 0.05
enjoyable. (0.87)
Chemistry is already complex; ieaching this strategy makes it more 4.04 P < 0.0!
complex. (0.55)
The strategy would help students how to solve problems more 4.00 P < 0.01
systematically. (1.14)

The strategy CANNOT be used by students in areas other than 4.00 P < 0.0l
chemistry. (1.22)
Swdents will have great difficulty in using this strategy for solving 3.83 P <005
problems. (0.76)
Using the strategy will make my students demonstrate greater 3.68 P < 0.01
confidence in solving problems. (0.99)

10. The claim about its bringing about better problem solving skill is 3.52 P < 0.05
NOT TRUE. (0.87)

information from the statement and drawing diagrams to help visualise the problems
important problem-solving skiils.

From the problem-solving processes highlighted by the teachers before and after the
introduction of the general problem solving strategy in Workshop 2 (see the responses to Q1
and Q4), it was evident that many teachers, to some extent, had been practising some of
these skills in their problem solving. This confirms the comment made earlier

that teachers do have a sense of strategy in problem solving. Nevertheless, they might be
unaware of the processes taking place during their problem solving. The ideas they had
about problem solving, however, v _;e not systematically organized for the effective teaching
of problem solving. Comments made by one teacher sum up this point;

| have become more aware of the mental processes | use to solve the problems. As
pointed out by others, we have always adopted the strategy unconsciously. Through
these activities there is increased awareness and hopefully a more effective approach
to solving problems. [Teacher 21]

IMPLICATIONS

Among the six areas of difficulties associated with the teaching and learning of problem
snlving described earlier in this paper, the first two areas concern knowledge base and require
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other kind of attention in teaching. In the other four areas, difficulties can probably be
overcome through the effective teaching of problem-solving skills. Based on the positive
results of this study, the think-loud and general problem solving strategies are recommended
to e taught in schools for solving problems in chemistry or other science subject areas.
Students should be given more practice on solving problems by using Whimbey’s method to
improve their problem-solving skills and confidence in solving problems. Content-related
problems should be carefully designed: they should not only be challenging but manageabie
within students’ ability. With the two methods mentioned in this paper, the individual prohlem-
solving skill such as translating, linking and checking skills can also be emphasized and
taught independently to students for a wider range of learning experiences.
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Appendix 1

Instructions for Whimhey Think-Aloud Pair Method

BEING THE PROBLEM SOLVER

Rationale:

You should acquire the skill of being aware of what you are doing while you solve problems, of being able
to identify where you are in the process of solving & problem and of being able to describe 10 others what
you have done and where you are stuck (if you hope to gain assistance from your listeners). These akills
usually have 1o be developed. One way to try 1o develop them is 10 slow the process down and describe or
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write out what ycu are doing. Another way is to solve a problem following a set of instructions given to you

by somebody else and identify what instructions were awkward for you. In this exercise, we use the former
- method. However, instead of working on your own, you will have one of your colleagues serve as a
] “mirror” for you, to help you see what you are doing. Your pariner will not give you any hints on how to
- solve the problem. Your partner will help you describe what you are doing.

s Details:
N 1. Adjust the chairs so that you and your partner are comforteble and suitably seated about a
N worktable.
= 2. Make sure that you have paper, pencils, computer and anything else you might want to solve the
- problem.
3. For any particular problem you are solving, there may be hints or suggestions given in the write-
- up on how to solve that type of problem. Both you and your pariner should discuss these before
you siart. Your partner may remind you to use these hints as you are solving the problem.
4. Read the problem aloud.
5. Start to solve the problem on your own. You are solving the problem. Your partner is only
) listening to you; he/she is not solving the problem with you.
6. Thinking aloud is not easy. At first, you may have trouble finding the right words; don’t search
. for these - say whatever comes into your mind. No one is evaluating you. You and your partner
: are trying to help each other.
7. Go back and repeat any pant of the problem you wish. Use such words as "I'm stuck; I better
- start over.”, and "Let’s see...hmm.".
% 8. Try to solve the problem no matter how trivial you think it is or no matter how little you think
- you are learning. Most do not realize the fantastic improvement that occurs when they work these
exercises. It will be difficult for you to see success in yourself. For this reason, when you have
completed the problem, you might find it useful to record what you learned about problem
e solving from the problem you have just solved. Fill this out on your own. Then perhaps your
:-._ partner will be able to add some ideas about what you have learned.
BEING THE LISTENER
Rationale:

You have a key and challenging role to play. You are to help the problem solver see what he/she is doing
and to help improve his/her accuracy in thinking. This requires firat that you encourage — indeed, force —
the problem solver to constantly talk about what he/she is doing. Next, you should monitor the problem
solver's progress so that the correct solution is obtained anu so that your panmer will improve his/her
. accuracy in thinking. Finally, you should encourage ideas to be presented — no matter how foolish they
-t may sound ~ and yet not provide hints yourself. You must never give the correct answer. -

. Details:
1. Establish as quickly as possible that you will be a question asker and not a critic. Explain
beforehand that you ere not criticizing when you ask such questions as "Please elaborate.”, "Can g -
) you tell me what you're thinking now?", "Don't worry how it sounds - just say an idea, it .
- doesn't even have to be a complete sentence.”, "Please let me hear what you are thinking
- about.”, "Docs that sound right?”, “What next?", "Can you check that?”. .
; 2. Restate your role as one to:
(1) demand constant vocalization, yet do not keep interrupting when the problem solver is
) thinking.
. ®) help him/her improve histher accuracy.
. (c) help reflect the mental process being followed.
: (d) make sure that you understand each step that the problem solver is taking.
3. Do not turn from the problem solver and work out the probiem on your own - actively follow
- and track the problem solver’s procedure in solving the problem.
: 4. Do not Iet the problem solver continue if: .
. (a) you do not understand what he/she has done. :
i ®) you think a mistake has been made.

If you think a mistake has been made, ask him/her “to check that”, or "Does that sound right?”,
"Are your sure?”. If the problem solver still does not see the error, then point it out, but do not

correct the efror. eyl
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Appendix 2

Content-Free Problem (Whimbey & Lochhead, 1986)
In a different language luk eir lail means "heavy little package,” bo lail means “heavy man® and luk jo
means "prelty package.” How would you say “little man” in this language?

Chemical Problem

Nickel and cadmium plates were placed in a solution of sulphuric acid. When the outer ends of the plates
were interconnecied with a wire, hydrogen began to evolve at the surface of the nickel plate. Can we
decide which of the metals stands farther to the top in the electrochemical series? Express the reaction by
an equation.
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ABSTRACT

The last decade has seen an expiosion of interest in issues concerned with
girls and science education, and the nature of the dialogue has become
increasingly sophisticated.  Current writing stresses the importance of
acknowledging differences between women, as well as differences between
women and men. This paper will outline some of the positions " is possible
to adopt in the discussion. It will raise some qusestions concerning the
implications of the choice of a position for classroom teachers of science
and, in particular, physics teachers.

INTRODUCTION

A central dilemma facing many of us concerned with issues of equity in science classrooms is
the choice of language with which to describe and explain the apparent under representation
of women in the physical sciences. The dilemma is not unique to science classrooms, or
confined to secondary schools, but is increasingly recognised as a difficulty being faced
throughout education. Andiea Allara (1992), speaking of a gender inclusive curriculum writes:

In trying to identify what a gender inclusive curriculum might be, we become
tight-rope walkers. On the one hand there is the danger of falling into an
unquestioning acceptance that differesnces between the sexes are *normal and
natural® and of being seen to be endorsing those differences by continually talking
about women’s ways of knowing as in opposition to men's ways of knowing. We
re-emphasise the differences rather than building on commonalities.

On the other hand, we can fall into the pit of trying to ignore those constructed
differences and of the way schools operate to reinforce and unequally value
differences. We then fail to connect with how our students make sense of their lives,
particularly as they define themselves in terms of ‘'masculine’ or ‘feminine’. (p. 14)

The metaphor of tight-rope walking is particularly vivid in this context. It implies the existence
of a tenuous middle ground which it is possible to occupy safely, while emphasizing the
inherent instability of the position. it is possible to successfully negotiate a tight-rope, but only
by the application of skill and care. Consider, for example, the question of gender equity in
the science classroom. If one asks for science courses which acknowledge and value the
skills traditionally ascribed to women, one runs the risk of being seen as demanding a
separate (perhaps inferior) science for girls who "can’t cope with the real thing®". On the other
hand, if one asserts that women can and should take their place alongside men in science as
we know it, one may collude in a process which devalues the traditional skills of women, and
forces girls into being socialized in a manner traditionally reserved for men.

The dilemma can be paralysing — in order to avoid saying the ‘wrong thing’ one says nothing
at all — yet an understanding of how this situation has arisen can prove most illuminating. 1
propose, with selective reference to the discussion concerning the schooling of girls in physics
over the past decade, to identify how that discussion has changed, and comment on the
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various views of women and science which have allowed the changes. Inevitably, these
comments will be informed by my personal experiences of working for change in school
physics classrooms during this period.

The difficulties involved in our language of gender are discussed in detail by Evelyn Fox Keller
(1989). She identifies the problem as one of the mseaning of gender and its relation to sex on
the one hand, and, on the other hand, its relation to difference in general. The term sex is
used in this case to refer to the biological reproductive characteristics with which we are born,
while gender refers to the behaviour or characteristics usually designated ‘masculine’ or
‘feminine’. Keller makes the following distinction:

gender is neither simply the manifestation of sex, nor simply an easily dispensable
artefact of culture. it is, instead, what a culture makes out of sex - it is the cultural
transformation of male and female infants into adult men and women. (Keller, 1986,
p. 172)

She attributes the difficulty encountered in maintaining the middle ground to an implicit
contest for power. Much of her writing explores the nature of this contest: what is at stake,
why is science as it is and men and women as they are?

WHY FOCUS ON PHYSICS?

A cursory examination of statistics, over the last 12 years, of students enrolled in the final year
of secondary schooling in Victorian scheools, will reveal that all was not well with our physics
classes. In 1980, 26770 students attempted H.S.C. (the Higher School Certificate, at that time
the final examination in secondary scheoling) in Victoria: 57.1% of these were female. Of
these students, 9264 studied Biology, 7039 studied Chemistry, and 5496 studied Physics at
year twelve. The proportions of these groups who were female were 71% in Biology, 41% in
Chemistry , and 26% in Physics. Data for 1988, taken after a decade of curriculum reform,
show increases in the total numbers of students studying Biology, Chemistry and Physics.
The participation rates for girls in this year were: 70% in Biology, 55% in Chemistry, 27% in
Physics. In 1891, Victoria embarked on a new Victorian Certificate of Education, with
significantly altered assessment strategies, and a different approach to the teaching and
learning of most subjects, including physics. The number of students attempting physics in
the final year of secondary school in 1992 rose to 9850: 28% were female. The total number
of girls studying physics in Victorian secondary schools has increased, but the fraction of the
total number of students studying physics who are female remains effectively unchanged.,

In the introduction to Science for Girls, Alison Kelly (1887) presents similar data for students
taking science in the CSE and O level examinations in England. These data deal not with
students attempting science subjects but with those actually passing these subjects, and are
expressed as a percentage of the total number of school leavers. Kelly's conclusion from the
data is that “the problem of girls and science is really a problem of girls and physics® (p. 6).
The issues of participation rates and success rates are different. In Victoria, in 1992, 97.2% of
the girls who attempted physics successfully completed the subject compared with 93.8% of
the boys. Additionally, for the first time, girls out performed the boys in the higher grade
levels. (See Hildebrand & Allard, 1993, for a discussion of these patterns and issues.)
Generally, girls who choose to study physics are successful in their study. Yet, while the
actual number of girls studying physics in secondary school in Victoria has risen from around
1400 in 1980 to 2735 in 1992, they still represent less than a third of the total number of
students in final year secondary school physics in Victoria.
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These sorts of statistics provided the stimulus to what Kelly has referred to as "an explosion of
interest” in girls and physics education. Many possible explanations have been suggested for
the low proportion of girls studying physics. (See, for example, Kelly, 1987; Harding, 1987,
Kearney & MacDonald, 1987.) The debate continues, and to a large extent the question of
why physics should be the subject which shows such marked differences remains unresolved.
This paper is not concernsd to identify and explore in detail each explanation offered for the
existence of a "problem of girls and physics". It deals instead with the views concerning
gender and science which shape both our framing of the problem and our responses to the
explanations which arise from research into the area.

EXPLANATIONS OF DIFFERENCE

Evelyn Fox Keller (1986) identifies four stages in the resporises of people to the juxtaposition
of the terms ‘gender and ‘'science’. She points out that in our thinking about gender we
continually slip between the idea that there are fundamentally two genders which may be
clearly identified with biological sex, and the conviction that, really, the differences between
men and women are only those of socialization, and that there need only be one gender. In
this second position, there is the possibility that gender as a criterion for the division of the
world into two may disappear. Carried alongside and interacting with these ideas concerning
gender and sex are two possible positions regarding the status of science. In the first of
these there is only one science, "mirroring the oneness of nature” (p. 171), while in the second
we admit the possibility that there may be more than one science, reflecting the muiltiplicity of
perspectives available. This second position rests upon the view that science is not a true
mirror of nature, but is constructed by society.

I have found it useful to think of these views concerning science and gender as intersecting in

a grid (Table 1), providing the four stages Keller identifies. While Keller's use of the word
stage could imply some sort of hierarchical development of ideas, 1 prefer to think of the word
‘stage’ as representing a position, or point of view: a vantage point which can determine what
one is able to see. {n what follows | discuss some of the difficulties associated with each
view.

TABLE 1
POSSIBLE POSITIONS IN THE DISCUSSION CONCERNING GENDER AND SCIENCE

GENDER
SCIENCE DETERMINED BY SEX CONSTRUCTED

DISCOVERED Stage | Stage 2

Two sexes and two genders, but only | Two sexes, but the possibility of
one science. The low number of only one gender. The low number
wormen 1o physics s explamned n of women n physics 1s explained 1n
terms of wtrinsic biological terms of different socializanon.
differences. A deficit model for womea.

A deficit model for women
CONSTRUCTED | Stage 3 Stage 4

Two sexes and two genders, with the | One, two, or many genders, one,
possibility of two (or more) twO Of many sciences.

sciences. The explanations for the | Complete relativism for both gender
low numbers of women in physics | and science.

still focus on the differences between
the sexes.

A deficit model for science.
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Stage 1: A deficit model for women: _intrinsic biological difference

In the first stage identified by Keller, both gender and science are implicitly presupposed as
fixed. Gender is equated with biological sex, and science arises in a predetermined manner
from the objective study of nature. Keller (1986) points out that "in this framing of the world,
where there are two genders, and one science, the subject of gender and science
..immediately reduces to a discussion of "why women are unfitted for science". (p. 168)

This is a position which offers no hope for change. Girls are girls, science is science and the
two will not meet except in the case of a few ‘freaks' of nature: women with exceptionally
‘masculine’ intellects, women who are only suited to science because they are inherently
unsuited to being women.

Tne possibility that this position could have some validity has been explored at length. John
Head (1985) in The Personal Response to Science, summarises the situation;

Perhaps the commonest possibility given in psychological literature [for the paucity of
women in science and engineering] is of differences in cognitive abilities, women
seen as inferior to men in mathematical and spatial skills and superior with verbal
tasks. What is the evidence? Maccoby and Jacklin iist 35 studies of quantitative
factors, of which 16 showed male superiority, 4 female superiority and the remaining
15 no significant difference between the sexes. For spatial abilities 34 found male
superiority, 5 female, and 62 found no difference. With verbal items 15 studies found
male superiority, 42 female and 103 found no significant difference. Broadly
speaking we can see some support for tha common belief in differences in aptitudes
but the very large number of inconclusive studies in each case should be noted.
How important are these effects? Even when statistically significant differences are
found they are usually only of the order of 0.2 standard mean difference (mean of
standard deviations).

..... only at the extreme ends of the ability range are population sizes sufficiently
different to give a ratio between the sexes anything like those found [amongst
students studying science subjects at secondary school and universities).

There are enough women in Britain with all the measured cognitive skills to fill every
post in science and technology, not merely gain their haif share. {p. 54)

Head goes on to say that “there are many further reasons for doubting the importance of the
relatively small differences in measured performance® in explanations for subject and « ireer
choice. Alison Kelly, (1987, p. 13) points out that in countries other than Britain, particularly in
Eastern Europe, large numbers of women study science successfully. Closer to home, similar
data has been presented for both physics and chemistry in Thailand {Klainin, Fensham &
West, 1989): in both subjects girls and boys participate equally and girls perform at least as
well as boys on practical tests involving manipulative skills and problem solving, theoretical
tests of physics knowledge, and an attitude to science test. Significantly, in the practical tests,
the girls at single sex schools outperformed all other groups.

if the cognitive abilities of women, as a group, are compared with those of men, as a group, it
appears that the differences within each group are greater than the average differences
between the groups. Examining data from different cultures would seem to indicate a strong
cultural influence. Faced with data of this nature, one has to look elsewhere for an
explanation of the phenomenon of the low numbers of girls in our physics classes, and thus
we comae to the second stage identified by Keller,

l A
.‘l
4
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Stage 2: A Dsficit model for women: Inadequate Socialization

This stage is one which regards women as unfitted for science not by nature but by
socialization. The two genders are regarded as being constructed in opposition out of
essentially identical raw material. Science remains absolute, men are socialized in ways which
predispose them to the study of science, while women are socialized in other ways which unfit
them for the study of science. To take an example from personal experience, an
acquaintance told me recently what the problem was with girls and physics: the girls just
weren't tough enough. They caved into parental expectations, and did what they were told,
studying the ‘wrong’ subjects in high school. If the girls really wanted to do science they
would have fought for it, not caring what anybody thought of them.

This line of reasoning is popular in many circles. It belongs to a family of explanations which
invoke deficit models for women. Models which stem from this stage have two characteristics:
they typically, as in the previous stage, locate the r~ 3on for the paucity of women in science
within the women themselves, and they (quite logically) prescribe solutions which involve
changing women. The task for a teacher who is concerned to ensure equal participation of
women in the sciences becomes that of providing a safe and comfortable environment in
which girls can iearn to be boys, or at least to learn a sufficient number of masculine skills to
compete with the boys at their own games, one such game being the study of physics. Not
all proponents of deficit models are as unsympathetic as the one which | have quoted above:
there is danger that many of our ‘affirmative action’ projects which are aimed at giving girls
access to ‘non-traditional’ skills may fall into the same category.

Jane Kenway (1990) writes of the deficit model for women presented by much of this
discourse, summarizing:

When the focus (of the explanations for the under representation of women in
physics} is on the qirl, it is said that she lacks the appropriate aptitudes, attitudes and
knowledge and makes the wrong choices. She, and her parents, are believed to be
ill informed about women's current patterns ¢f participation in the paid labour market
and the changed nature of the family, and therefore they fail to recognise the likely
realities of her future.

The girt is said to be further deficient because she does not bring to ‘non-traditional’
school subjects a history of experience which facilitates her interest and success.
Neither does she possess the ‘cognitive style’ which such subjects demand. (p. 3)

Most strategies which implicitly or explicitly invoke this model attempt to change the present
situation by changing the girls. Tinkering, with toys or gadgets, is introduced to improve the
competence of girls with machinery. Careers information is provided to encourage girls to
consider ‘non-traditional’ areas of paid employment. Girls are offered role models of women
in trades or science.

The focus of the strategies is to change giris: to alter their perspectives of what is possible
and appropriate for them, There are, however, probiems one encounters if these strategies
are implemented in isolation. It is by no means obvious that the labour market of the future
will be similar to that of the present. It may be argued (Willis, 1991) that the push to persuade
girls to take up mathematics and science is a direct consequence of the loss of boys to more
attractive and lucrative careers,

Further, at its simplest level, the discourse associated with these strategies underwrites the
message that masculine is better. The steps run as follows:
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The maths, science and technology domain is valuable.

This domain is traditionally masculine,

The reason that women do not participate in this domain is that girls are or have
been brought up to be different from boys.

It is necessary that women patrticipate in this domain (other areas are less valuable).
In order to ensure that girls enter this domain we change girls so that they are no
longer different from boys, at least cognitively and affectively.

Keller (1986) writes of this process:

Women had observed that the division of the world into two serves them poorly - it
serves to exclude them from the domain of public life, of power, and of science. The
claim that we are different meant that we are less. Quite reasonably, therefore,
women fighting for admission the world of science countered with the claim, no, we
are not different. But there’s a hidden kicker in this movse, that only becomes evident
with the question: different, or not different, from whom? We are speaking of course
of the problem that inheres in the fact that the universal standard is after all not
neutral — of what happens to our strategy, and our thinking about gender .nd
science when we begin to notice that the universal man is, in fact, male (p. 169).

The difficulty of this choice for feminists (see, for example, Kenway, 1580} is that it confirms a
deficit model for women, affirming that to be masculine is to be socialized with superior skills.
A masculinist science becomes the ideal against which we measure our women. Women, to
suit science, must be socialized as men and thus be created in a manner alien to the majority
of the women in society. It may be argued that implicit in the acceprance of this process is
acceptance that men are better. In direct opposition to this process, however, we find
recommendations that it is not women who must change, but science.

Stage 3: A deficit model for Science

The third stage identified by Fox Keller is to regard gender as fixed and immutable, but to
regard science as a constructed entity. (Discussion of the processes of the social
construction of science may be found, for example, in Kuhn, 1962, Whitehead, 1925, and
Woolgar, 1988). It now becomes possible to reconstruct science in accord with one’s image
of woman, peihaps to provide a separate science for girls.

Solutions to ‘the problem of girls and physics’ which arise from this point of view also focus
on the differences between girls and boys:

Their [giris’] greater connectedness to the world through external objects means that
every event is enmeshed in a complex web of inter-relationships; girls and women
may continually be processing information from a much greater range of sources
than do boys and men (Harding & Sutoris, 1987, p. 33).

However, rather than changing girls, the concern is to change the curriculum. Thus we have
the spectrum of activities wnich constitute ‘girl-friendly science': using examples drawn from
girls' experiences, creative writing, role play, a wide range of assessment tasks aimed at
valuing an abiity to adopt a broad, giobal perspective on issues, and perhaps teaching in
context. These represent excellent teaching strategies and should form part of every teacher's
‘bag of tricks’. There is cause for concern, however, with the image of women which is
implicit in the selection of these strategies as better for girls. What do we mean when we say
something is 'better for girls'? Are these strategies better for girls than other strategies? Or
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are these strategies better for girls than for boys? And when we say girls, do we mean all
girls, most girls, or some girls?

My point is that the search for ‘girl-frisndly science’ often relies on an identification of the
essential nature of womanhood. It is not necessary to believe in biological predestination in
order to hold this view: much of this discourse may be found in the writings of feminists
concerned to reclaim and revalue ‘traditionally feminine’ attributes (Merchant, 1580, 1983;
King, 1983). These writers strongly refute the idea that biological sex det..mines one’s
capacities, but they bear striking resemblance to those who hold this view in their insistence
that fundamentally the only possible path into science for women is the construction of a
separate science. Starting from the position that science has been constructed by men and
embodies masculinist values, they advocate the construction of a feminist science which
smbodies ‘feminine’ values. Women, we are told, are socialized differently from men; they are
more caring, work co-operatively rather than competitively, take a global view of issues, are
concerned to support each other rather than to gain personai advantage. These attributes are
regarded as being better than those of men: they are the values associated with nurturing and
building rather than destruction, and in the context of the current environmental movement the
idea of living in greater harmony with nature and our fellow hurnan beings is very appealing.

The danger, however, lies in the construction of an ‘essential wornan’. As Wacjman { 981)
points out

Essentialism, or the assertion of fixed, unified and opposed female and male natures
has been subjected to a variety of thorough critiques. The first thing that must be
said is that the values being ascribed to women originate in the historical
subordination of women. The belief in the unchanging nature of women, and their
association with procreation, nurturance, warmth and creativity, lies at the very heart
of traditional and oppressive conceptions of womanheood. ‘Women value nurturance,
warmth and security, or at least we believe we ought to, precisely because of, not in
spite of, the meanings culture and social relations of a world wheie men are more
powerful than women’ (Segal, 1987, p.4). It is important to see how women came to
value nurturance and how nurturance, associated with motherhood, came to be
culturally defined as feminine within male-dominated culture. Rather than asserting
some inner essence of womanhood as an ahistorical category, we need to recognize
the ways in which both ‘masculinity’ and ‘femininity’ are socially constructed and are
in fact constantly under reconstruction. (p. 9)

The construction of an essential woman ignores the differences of class, ethnicity, race and
the myriad other factors which interact with gender to construct a student's identity. An
attendant difficulty of this position is the marginalization of those few women who have,
despite the odds, managed to remain in the physical sciences. It is somewhat galling to be
told, after years of effort to assert one’s right to a place in science, that one has sold out to
masculinist values, or that one has forfeited one's right to be considered a real woman: both
assertions have been made in my hearing, by individuals committed to affirmative action in
science classrooms, referring to women who work in the physicai sciences.

Secondly, the construction of an essential woman perpetuates a set of gendered dualisms. In
constructing an ideal woman in opposition to the unsatisfactory male, one perpetuates the
tendency to construct the world as entities in opposition: black and white, bad and good,
rational and irrational, masculing and feminine, self and other. This oppositional thinking may
act to confirm and continue the processes which established women as ‘other' in the first
place {(Weinrich-Haste, 1986).
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Popular mythology constructs images of men and women as opposites, and certain attributes
and cogpnitive styles are, in this scheme, available only to men. Traditional science, t may be
argued, draws on the attributes and skills of men, while ‘girl-friendly science’ values the skills
of women. Women and girls remain locked into traditional and stereotypical versions of what
it is to be female. Men and boys are equally locked into the stereotypical version of what it is
to be male, and locked away from the nurturing, co-uperative, globa! approach we now value.
Girls are different from boys, so girls’ science is different from boys' science. It now becomes
necessary, however, to demonstrate that girls’ science is as good as, although different from,
boys' science: a problematic task, if one accepts much of what has been recently written
concerning the gendered construction of science (Easlea 1986; Keller 1983, 1985), particularly
in view of the power structures which operate throughout science, schooling, and society.

To construct a science for an essential woman is to construct a ghetto. Those of us active in
the field have become very wary of asserting that a strategy is better for girls: all too
frequently this results in the denigration of the strategy. Real men will continue to do real
science: we keep a special science for girls because they cannot cope.

Stage 4: Complete Relativism

The fourth stage is identified by Keller (1986, 1388) as one of infinite plasticity with respect to
7 gender, and complete relativism with respect to science. Each person is an individual. There
- are not two genders, but many possiblz shades of masculinity or femininity. There is no

longer one science, or even two, but many sciences, each constructed by an individual to suit
Tl his or her needs, and each equally true from the perspective of that individual. Each
perspective is as good as another. But how, then, does one deal with the role of the
institution of Science, which acts to select that which constitutes the best science? How does
one counter the expectations we have of girls which are based on nothing more than the fact
that they are girls, and which profoundly influence their socialization?

i Keller (1986) defines science as "the name we give to a set of practices and a body of
- knowledge delineated by a community - constrained although certainly not contained by the
— exigencies of logical proof and experimental verification™ (p. 172). Consider the implications
) of this definition. The set of practices and body of knowledge which constitute science are
delineated by a community. The community of scientists decides what is proper science.
Many of the expectations are unwritten, implicit, and are acquired as part of the process
whereby one becomes a scientist. (See Keller, 1992, for further discussion of this point.} It is
this community which shapes science, through the processes of peer review and the choice of
projects to fund . This is one reason why science, although it may be socially constructed, is
not completely relative:  science is what scientists do, and Science, the institution, decides
who may be named ‘scientist’,

The second feature which keeps science from complete relativism is also to be found in
Keller's definition of science. It is that body of knowledge constrained by the exigencies of
T experimental verification. At some stage the predictions of science are tested, and confirmed

. or shown to be inaccurate. True, this process may involve a convoluted chain of theoretical
links, so that one wonders what exactly is being determined, but at some stage there is an
appeal to some external reality. To quote again from Keller (1989):

Does, indeed, any meaning of the term [science' remain? If it does, that meaning
must derive from the shared commitment of scientists to the pursuit of a maximally
reliable (even if not faithful) representation of nature, under the equally shared
assumption that, however elusive, there is only one nature. (p. 41)
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The constructions which are gender and science are social constructions and the processes
of socialization of men, women, and scientists ensure the continuation of these categories
(Keller, 1989). These are issues which deal with power relationships within society, and it is
not simple to disentangle the threads which enmesh the construction of gender and the
construction of science by society. Because of the role of a community in defining science,
and in the constraint of experimental proof, science avoids the slide into extreme relativism.
In a similar manner, society acts to construct gender, by concensus, from the raw material
which is biological sex. Although individuals may display characteristics which lie along a
continuum, yet our expectations of them are polarized, often along an axis with male
behaviour at one end and female at the other. It is difficult at present to envisage what will
constitute the equivalent of experimental verification for gender.

CONCLUSION

Kelier (1989) asserts that recognition of the social processes of the construction of science is
crucial in the choice of a model to describe and explain the relations between men, women,
nature and science. My experience in schools leads me to hypothesize that although science
teachers are willing and able to recognise gender as socially constructed (aithough the extent
to which they are willing to challenge the construct varies) they largely regard science as a
true mirror of nature. If this is so, then there are implications for the teaching of physics in
schools, to both girls and boys, and for the likely success of intervention projects designed to
encourage young women to study physics. This is the area which | am presently exploring.

To return to the four stages identified in this paper: they represent extreme positions, and
although they provide stability of a sort, it is likely that it will be the middle ground, the balance
point, which will prove most productive for the future. To complete the reference from Allard
with which | started this paper,

We tread the tightrope attempting to deconstruct the sex/gender assumptions which
operate in our culture and through the curriculum, attempting to empower students
with the range of skills, the body of knowledge, the values which will enable them to
understand and make sense of the sex/gender system, to reconsider — and
reconstruct — the notions of power (Allard, 1992, p. 14).

Allard's vision of a tightrope implies a balance point between two extremes. For educators in
science, the balancing act is more difficult because there is a choice of four extreme positions
(stages) between which the tightropes are strung. If we are to honestly empower our
students, this must involve acknowiedgement and careful consideration not only of the
sex/gender system, but also the science/nature one.
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CHEMICAL APATHY OR HYSTERIA: WHAT ROLE FOR EDUCATION?

Andrea Klindworth
Deakin University

ABSTRACT

Emotional responses from local community groups to the establishment of
new industrial activities, involving toxic chemicals, are common. The need
for more public education about chemical hazards has often been stated.
in the eastern suburbs of Melbourne, PCBs have been stored since 1985,
pending their destruction. Council approval for the siting of a pilot plant for
their treatment recently caused controversy. This paper presents an analysis
of the situation, defines the knowledge needed by ordinary people to
participate effectively and rationally in decision making and discusses the
acquisition of that knowladge in a community setting. It is not the intention
of the author to discuss the contribution that could be made through formai
secondary education.

INTRODUCTION

The siting of a piiot treatment plant for the destruction of PCB waste caused a recent
controversy in the outer eastern suburbs of Melbourns. The fate of PCB wastes from electrical
transformsers and capacitors has been a topic of debate for many years (Beder, 1991; Raloff,
1987; Sworzyn & Ackerman, 1982). The disposal of PCB and other scheduled wastes,
formerly called intractable wastes, has been a long term problem for Australia. in the past
PCB wastes have be burnt in high temperaturg incinerators in Europe or at sea in a
specially equipped vessel. However, most PCB waste is stored in containers awaiting
destruction within Australia. The option of exporting this waste is no longer acceptable to the
global community (Dayton, 1989).

In 1892, a media release from the Environmental Protection Authority (EPA), described the
potential use of "a new technology for disposing of waste containing toxic polychlorinated
biphenyls (PCBs)" and the application of a Bayswater company to carry out trials (Age, 13 &
14 September). The local council were alerted to a possible change in the approved use of
the company’s premises by the press release, and insisted on the proper planning steps
being taken. Following receipt of the company’s application, the council notified the adjoining
property owners by certified mail that the application had been made. Signs were erected at
the site for a two week period and a newspaper advertisement was placed the month before
the application was considered and approved by council. The application was subject to a
hearing by the Administrative Appeals Tribunal because two objections were received. The
local community were not consulted in the decision-making process and as their awareness
grew they organised themselves tc oppose the company’'s proposed operations.

Community opposition to industrial activities involving toxic chemicals is common in today's
society (Brotherton, 1890). The controversy that developed forms a case study which is used
to explore the following questions:

What is known about PCBs by scientists?

What is known about PCBs by people in the community?

How accaessible is the scientific information to the community?
What are the problems a community has in coming to a decision?
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Discussion of these questions will show that the community is neither apathetic nor hysterical
but that thsy lack information with which to make informed decisions.

SCIENTIFIC AND MEDICAL KNOWLEDGE

The potential routes of exposure to polychlorinated biphenyls (PCBs) for the local residents
are by ingesting contaminated food or soil particles and by breathing in fumsas containing
unburnt PCBs in the event of a fire. Although environmental contamination is unlikely the
persistence or PCBs and the consequences of peoples’ exposure in the past are a cause for
concern.

PCBs are stable organochlorine co'apounds derived from the chiorination of biphenyls. They
are fire resistant, good thermal conductors and lubricants (Wassermann & Wassarmann,
1983). The distribution of PCBs within the environment has become widespread through a
variety of means including accidental leakage and spillage, incomplete destruction during
combustion and disposal of sewage sludge (Food surveiflance paper No. 13, 1983). Once
within the environment, the stability of the PCB moiecule leads to long term contamination as
they resist decomposition. The persistence of PCBs combined with their fat solubility also
leads to bioaccumulation in the food chain (Travis & Arms, 1987).

Small amounts of PCBs have become incorporated in the human diet from birth (Arena &
Drew, 1986, Food surveillance paper No. 13, 1889). The effect of long term exposure to low
levels of PCBs on people depends upon the amount of PCBs that have accumulated in body
tissue. Very low levels {2.3ppb blood; 0.08ppm fat) have no observable effects. However,
increased PCB levels (11ppb blood; 0.4ppm fat) may produce subtle symptoms, such as,
fatigue, nervousness, joint pain and impaired memory (Schnare & Katzman, 1989).

Exposure to higher levels (30ppb blood; 25ppm fat) can produce immune dysfunction.
Extended occupational exposure may lead to eye irritation, abdominal pain, skin disorders
and deformity of the nails Animals exposed to PCBs have developed liver tumours,
lymphomas, leukaemias and carcinomas of the intestinal tract (Schnare & Katzman, 1989;
Wassermann & Wassermann, 1983). Worksafe Australia has classified PCBs as an established
cancer-causing substance in animals (Independent Panel on Intractable Waste, 1992). In
humans, PCBs have been linked with incidents of melanoma among workers who used them
as flame retardants and plasticisers in the chemical industry (Simonato & Saracci, 1983).

Contamination of food has led to large numbers of people being accidentally poisoned by
PCBs. In Taiwan, more than 2000 people were exposed to contaminated cooking oil between
December 1978 and October 1978, when the oil was removed from the market. For more
than six years following this incident, chiidren were born with abnormalities of the ectodermal
tissue, such as nail deformities and pigmentation. Lower birth weights and developmental
delay also occurred. This incident followed a similar outbreak in Japan in 1968. (Arena &
Drew, 1986; Rogan, 1986). The source of PCs contamination in food has generally been
leakage from electrical heating / cooling cystems and this use of PCBs has been
discontinued.

increased understanding of the persistence of PCBs in the environment and of the effects on
the health of people and the environment has led to controls being placed on the use and
disposal of PCBs (Sworzyn & Ackerman, 1982). Within Australia, individual states are
responsible for controlling the use and disposal of PCBs (Independent Panel on intractable
Wastes, 1992). States will be required to operate within National Guidelines currently being
prepared which include the recommendation that no central high temperature incineration
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facility will be built in Australia (Scheduled Waste Working Group, Report to ANZECC, May
1993).

Base Catalysed Dechiorination (BCD) is one of a range of alternative techriologies being
considered for the destruction of PCB containing wastes. In this process the waste is heated
to about 350°C with caustic soda, a hydrogen donor and sugar in a closed reaction vessel.
The chlorine atoms from the PCB molecule are replaced by hydregen (Independent panel on
the Destruction of Intractable Wastes, 1992).

The current owners of the Bayswater site, BCD Technologies Pty. Ltd., have designed a
mobile unit for the destruction of PCBs at the sites where they are stored. Within the unit
1000L batches of contaminated oils would be treated using the BCD process. The unit is
designed as a closed system so that no emissions would be discharged to the environment
during its operation. Safety features incorporated into the design include automatic
monitoring and shutdown devices, as well as foam fire extinguishing equipment (Sworzyn &
Ackerman, 1982).

The company would be trying out the operation of the unit for the first time at the Bayswater
site and it would operate under the close scrutiny of the Victorian EPA (City of Croydon, 1993,
Public information package).

COMMUNITY KNOWLEDGE

The site at the centre of the controversy has been used for the breaking down of electrical
equipment and the collection and storage of PCBs since 1985. The residentiai areas nearest
the site were not developed when approval was given by council for this use. There are now
approximately 2800 people living within a 1km radius of the site and a housing estate only 400
metres away (Maher, 1993, correspondence). It is unlikely that the residents knew how the
site was being used prior to the development of the controversy or that they were aware of the
proposed change of use.

Community awareness of plans to operate the pilot tre.‘ment plant at the site increased
rapidly. A residents’ action group began to oppose the ..._, a new use of the site
indicating that it was lack of knowledge rather than apathy that contributed to the residents
failure to lodge an objection prior to council approving the application (City of Croydon, 1993,
Public information package).

The activities of the residents’ action group demonstrated that the community knew it had to
act collectively to oppose the pilot treatment plant. A petition signed by 700 peopleawas
presented to the mayor at a council meeting in an attempt to have the decision reversed
(Croydon Mail, Tuesday 30 March, 1993). Legal representation from the Environmental
Defenders Office of the Community Legal Aid Service was obtained to help participate in the
appeal process.

The community also knew that if there was an accident contaminating their home sites there
would be a detrimental effect on the value of their properties. As one resident stated:

If something does go wrong we won't be able to sell our homes and move. No-one
will want them.

Many questions were asked at a public meeting indicating that the community did not have a
uniform understanding of the issue and wished to know more. The following questions
indicate the community’s concern for its safety and well being:

]' o—(. L)
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“How dangerous are the stored materials?®

*How safe is the system?*

"What is the council going to do if there is a fire? How do we get out? Where do we
go?*

ACCESSIBILITY OF INFORMATION

There is a larye amount of information about PCBs. Information can be found in print, on
video, electronically stored on compact discs and by contacting people, for example,
government agencies such as the EPA, where there is a responsibility for public education.

Initially information provided by the councii, about the application for a planning permit, was
not readily accessible to the residents. The placarding of the site was not visible from the
main road by residents and the media advertisement relied on the assumption that ail
residents read the local newspaper. Where the adjoining property owners were notified by
certified mail objections were received. Information would have been more accessible if a
leafist had teen distributed to each resident.

Print media played a vital role in the presentation of information to the community. The first
information about plans for the Bayswater site reached the local council through the Age
newspaper article on 13 September 1992. It was echoed in the locai newspaper soon after.
The two local newspapers provided a vehicle for the presentation of information to the
community as the controversy developed. A ranga of views from the diffarent parties involved
were presented.

The Croydon Mail (23 March 1993), printed an article that provided a clear overview of the

PCB issue. Information about the history of PCBs in Australia, their uses and persistence
within the environment was provided. The BCD process and the experimental nature of the
pilot treatment plant was described as well as the health effects and the uncertainty of how
toxic PCBs are. An attempt was made to relate scientific information to everyday aspects of
life as can be seen from the first sentence of the article:

Imagine a giant percolator filled with caustic soda, sugar and polychlorinated
biphenyls (PCBs).

Less scientific information was presented as the controversy developed further. The
newspapers did not exclude anyone involved from media coverage but did tend to
sensationalise the issue by reporting the emotional respenses of people, for example,

North Bayswater and Croydon Residents Action Group spokeswoman Janine
Hancock said residents who attended Monday night's protest meeting were ‘furious’
with Croyd_n Council's mayor Peter Tredrea for asking them if they were from
“rent-a-crowd”. (The Croydon Mail, Tuesday, 30 March)

The newspapers gave the information needed for residents to come to an informed decision
but the possible bias of the party providing the information still had to be interpreted by the
community.

The local council also acted to provide residents with information. Residents were invited by
their council to peruse files containing all the information relating to the Bayswater site. Public
mestings were also organised to provide further information and the opportunity for questions
to be answered by speakers with expertise related to the disposal of scheduled wastes.
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A public information package, providing much valuable information, was prepared and
distributed by council. The history of the site, tha planning process and the process to be
used in the pilot treatment plant was described. Correspondence between the council, the
EPA, BCD Technologies Pty. Ltd. and another company expressing concerns about the BCD
process were also included. Various other pieces of information, such as, newspaper articles,
USA patent applications and scientific papers were also attached to the package. Not all
relevant information was included. For example, there was no information about potential
environmental and heaith prcblems.

Some useful sources of information were located in the community’s library. The book
Hazards at work: Health safety and welfare in the Australian workplace specifically discusses
PCB contamination following a fire (Booth et al., 1990). The New Scientist is found in the
journal coilection at the library. In it numerous articles have appeared regularly in recent years
describing technologies for the destruction of PCBs, as weli as, health effects for animals and
people (Park, 1991; Charles, 1991; Beder, 1391).

The development of industry in the western suburbs of Melbourne together with conflict that
arises between the community, government and industry during the planning process is
documented in the video /n the shadow of the chimney. The visual images and the interviews
with residents provide a personal view which can be readily identified with. The re-enactment
by residents of the hearing enables viewers to imagine themsslves as part of the process and
is valuable preparation for being involved in a similar situation.

PROBLEMS FACING THE COMMUNITY

Lack of consultation with residents in the early stages of the planning process and the speed
with which decisions were made quickly led to conflict between the local community and
those promoting the trialing of the pilot treatment plant. They had been forced into an
adversarial position by being excluded from the early stages of the planning process. Large
formal meetings supported the adversarial atmosphere that inflamed the situation.

The meetings provided residents with the opportunity to express their concerns and acquire
information by questioning people with appropriate expertise. Koker & Thier (1990) state the
importance of knowing how to ask pertinent questions. The answers to the ten questions
below would elicit information to develop an understanding of the problem.

What are PCBs?

Why are they on that site?

How could PCBs escape from that site?

Would | be exposed?

What effects could exposure to PCBs have on my heatth?

What amount of PCBs would cause these effects?

What possible accidents might occur during the operation of the pilot treatment

plant?

* What plans have been made to safeguard people i the community in the case of an
accident?

* What is the best way for PCBs to be destroyed?

* Where is the best place tor PCBs to be destroyed?

> » * 2 2 * »

Asking questions of local officials is also an impc ant way of assisting with planning. For
example, “Do they know what toxic substances are generatad. used, stored in or transported
through the community?* (Cutter, 1987)
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The information that would answer the above questions comes from many sources. The
community needs to clearly identify the institutions that have undertaken the research. The
differing interests of these institutions which might contribute to bias, as discussed by Cross
and Price (1992), need to be considered.

The uncertainty of scientific findings and the lack of human data relating to the safety of
chemicals can be confusing for the public and hinder the development of a broad
understanding. Safe levels of exposure for the community are calculated from data collected
in studies of the effects of particular chemical substances on cells, microbes and animals.
The sensitivity of different animals varies and so the effects of a particular chemical, at a given
dose, can be greater than or less than that pradicted for humans. The simultaneous exposure
to different chemicals occurring in everyday may also produce a greater or lesser harm
(Duffus, 1980). There is also little information available about the affects of long-term low level
exposures to chemical substances on pecples’ health (Deshler, 1990; Schnare & Katzman,
1989). The strengths and limitations of scientific data need to be understood by peopie in the
community (Deshler, 1990; Koker & Thier, 1990).

Scientific information can be accessed selectively to support the presentation of different sidss
of the issue. In this case, the company argued that the process was safe based upon the
success of the trials it had conducted and the technical controls included in the construction
of the unit. This was countered with the argument that the unit had not been operated for
1000L batches therefore its safety was not established.

Adverse community responses to the disposal of toxic waste in the past should have alerted
the council to the need for time to be spent informing the local community and consulting with
them prior to the approval of the application so that their concerns could be addressed and
trust could be built. The council needed to recognise that people do not readily accept risks
that they have not chosen for themselves and that they lack faith in government and industry.

Inclusion of these groups in the planning process could curb unrealistic local expectations that
planning will eliminate all possibility of accidents. Rather, it may clarify that while some risks
remain, the joint planning effort can minimise dangers. This result could not only restore faith
in the planning effort, but also satisfy communities and workers that they are participating in
making decisions concerning risk acceptance or rejection with full knowledge of the available
facts. (Abrams & Ward, 1930)

The experts needed to get among the community discussing the issue with people at small
informal meetings (Chess & Salomone, 1992). The community’s lack of faith in government
and industry and the feeling that they are going to be ignored or mistreated (Chess &
Salomone, 1992) needed to bs addressed by giving a high priority to working co-operatively
with groups of residents to address their concerns. They were afraid that they would become
the poweriess participants in an environmental disaster as has occurred in other communities
{Levine, 1982). As the peoples’ advocate from the Environmental Defenders Office stated at a
public meeting, "Now we are dealing with fear. The public confidence must be won back.”

THE ROLE OF EDUCATION

The role of education is to facilitate action based upon informed decisions. Although
community education has existed for hundreds of years it is still not clearly defined (Rennie,
1980). The need for lifelong education that is not only judged according to the component of
knowledgs but that also values the personal development of the individual has been identified
by UNESCO (Lengrand. 1970). Models for environmental education combine both the
acquisition of knowledge and a personal component in the development of responsible
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environmental (citizenship) behaviour and are applicable to the needs of the community
involved in this controversy (Hungerford & Volk, 1990).

Knowledge of the issue and of action strategies are needed to make sound decisions
regarding a solution to the issue. However the presentation of knowiedge is problematic,
particularly in the area of risk communication where different people process risk differently
(Desvouges & Smith, 1989). Personal factors together with action skills are interrelated with
the knowledge to produce citizenship behaviour (Hungerford & Volk, 1830).

A possible model that would foster the interaction between the individual's personal bsliefs,
the development of knowledge, skills and commitment to action is based upon the writings of
the Brazilian adult educator Paulo Frisre. The Adult Learning Project in Scotland was started
in 1877 by a small group of women supported by a neighbourhood cornmunity worker and a
community education worker (Kirkwood & Kirkwood, 1989).

The learning occurs in a non-threatening envircnment, such as local kindergartens, schools or
community centres, and is structured over an extended period of time. The leaders take on
roles of organisers and facilitators of the learning group’s investigation with the members of
the group becoming increasingly responsible for their own learning. Learners are suppoited
as they develop a broad understanding of the problem being considered, reflect and take
action upon it.

The learners explore what they already know and define what they want to find out.
Questions are asked, information is gathered or provided by people with expertise who
become integrated within the group acting as resource people rather than guest speakers.
Discussion and interpretation helps the learners to construct patterns of meaning. Reflection
and action are an important part of the learning program.

It may be that through this process the delaying or halting of new projects would lead to more
equitable outcomes. The parties involved in this controversy might have begun to work
together to consider options such as compensation to the local cemmunity for the siting of
this unwanted facility as has occurred in the USA (Himmelbarger, Ratick & White, 1991).

CONCLUSION

The case studied and described in the paper demonstrates that there is information to support
community participation in the planning process and that the operation of new commercial
activities can be delayed. It also illustrates the fear produced within the local community that
motivates them to actively oppose new developments in their neighbourhood. These fears
and concerns need to be addressed to facilitate the development of a broad understanding of
controversial new developments. It is also important that the community's questions are
answered and that they are consulted before decisions affecting their potential well-being are
made.
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